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SECTION 1

INTRODUCTION

The probabilities of first aircraft failure under a

prescribed mission loading and a number of rigorous and cursory

inspections are calculated analytically. Three programs were

written for this purpose. The first program, called Maneuver

Loading (MANLOD), calculates the average of rise and fall of the

stress process due to aircraft maneuvers or gust utilizing a

simulation technique of random processes. The results from this

program serve as an input to the other two programs. The second

program, called Aircraft Reliability when Time to Crack Initia-

tion is a Random Variable (ARELl), evaluates probabilities of

first aircraft failure based on the condition that time to fa-

tigue crack initiation is distributed according to a two-parameter

Weibull distribution. The third program, called Aircraft Rel-

iability when Initial Cracks are Random Variables (AREL2),

calculates probabilities of first aircraft failure based on the

initial crack size distribution model. The following sections

of this document discuss these three programs, their options,

the input data, and the output.
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SECTION 2

MANEUVER LOADING PROGRAM (MANLOD)

The purpose of MANLOD program is to determine the rise

and fall of the stress response process due to aircraft maneu-

vers or atmospheric turbulence. The results from this program

serve as an input to the aircraft reliability programs ARELl

and AREL2 which are described in Sec. 3 and 4. A simplified

flow chart of the MANLOD program is shown in Figure 1.

2.1 SIMULATION AND RANGE COUNT

The time history of stress response due to aircraft

maneuvers or gust is generated from the specified stress spectral

densities utilizing simulation techniques of Gaussian random

processes. For the purpose of this study, the stress history

due to gust is generated from a specified normalized spectral

density function corresponding to a truncated Gaussian white

noise spectra. The area under this spectral density is unity.

The width of this spectra is controlled by a parameter called

BETA which ranges 0.0 < BETA < 1. For example, BETA = 0

corresponds to a wide band process and BETA = 0.9 to a narrow

band process. The stress time history due to aircraft maneuvers

is generated from the specified spectral density in Function

FUNSPT. If the spectral density due to maneuvers is specified
2

in terms of accelerations g , the conversion to stress spectral

density is achieved through the parameter g. To account for

the unsymmetric exceedance observed in actual maneuver exceedance

-2-
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Figure 1. Simplified Flow Chart of MANLOD Program
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curves, the stress time history is modified by multiplying the

negative portion by a factor called REDUCE = standard deviation

for negative maneuvers/standard deviation for positive maneuvers.

The rise and fall, ASi, of the simulated process S m(t) are

determined using two separate range count methods. In the first

method, the AS1 .i values are determined by selecting the difference

SA
S| IIA~liAS

lg

o t

between the consecutive peak- and valley as shown above. In the

second counting method, the AS2,i values are selected from the

difference between those peaks and valleys which are separated

by the lg line as shown below.

S

lg

o t
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2.2 INPUT DATA

There are no input data cards used for the Maneuver

Loading Program. The necessary data parameters need to be spe-

cified at the beginning of the main program. The input spectral

2
density function of the maneuver loading in g units need to

be specified. An option is provided to use a normalized trun-

cated white noise spectrum. The input parameters are as follow:

maneuver loading spectral density function SS(W) with parameters

A, FB and PHIO where A = a shape parameter; FB = break frequency

in Hz; PHIO = peak value of the spectral density function SS(W);

IX = an odd integer with less than 9 digits where by changing

IX a new sample function is generated; N = number of frequency

subdivisions on the spectral density function SS(W) in powers

of 2; NPT = a number of simulated points of the output sample

function specified by NPT = 2 ** Ml with 2 * N being equal to

or less than NPT, WU = the upper cut-off frequency on SS(W);

WL = the lower cut-off frequency on SS(W); Ml = a positive inte-

ger such that NPT = 2 ** Ml, NSIGN = an option parameter where

for NSIGN = 0 a normalized white noise spectral density with

a unit standard deviation is provided by the program, and for

NSIGN = 1 the user must supply a spectral density for the man-

euver loading or use the one specified in the subroutine FUNSPT;

REDUCE = ratio of the standard deviations such that REDUCE =

a /(Y where a is the standard deviation determined from the
n p n

time history below the lg level and a is the standard deviation

obtained from the time history above the lg level; NP = number

of points plotted by the subroutine PLOT; BETA = parameter which

specifies the width of the truncated Gaussian white noise spec-

-5-



trum; NSAMPL = number of samples to be simulated.

2.3 PROGRAM DESCRIPTION

The Maneuver Loading Program consists of a main program

unit and fourteen subroutines. The program listing is given

in Appendix A. The main program unit called MANLOD and the

fourteen subroutines: AREA, SIMULT, PLOT, PICK, STDEVI, MEAN7,

PICKM, PICKMX, CROSS, SIMPSN, FUNSPT, HARM, RAPDU, STATIS are

described as follows.

2.3.1 The Main Program Unit MANLOD

The main program initializes the input data and with a

call to the subroutine AREA calculates the area under the man-

euver loading spectral density specified in Function FUNSPT.

The time realizations of the loading (or stress) are generated

by calling subroutine SIMULT. When NSIGN = 0, stress time his-

tory corresponding to gust input is provided. When NSIGN = 1,

stress time history due to maneuvers is given. The rise and

fall of the simulated time history are determined by calling

subroutine PICK for the first counting method and subroutine

PICKM for the second counting method. The rise and fall values

are raised to an arbitrary power B ranging from 1 to 10 by sub-

routine STDEVI. Then, the average of rise and fall raised to

B power is calculated by calling subroutine MEAN7. The total

number of peaks of the simulated process S (t) is counted by the
m

subroutine PICKMX and the crossing rate is determined from sub-

routine CROSS. A subroutine PLOT is called to plot the output

time history for one realization.

-6-



2.3.2 Subroutine AREA (S, N, WUP, WL)

Subroutine AREA calculates the area under the curve

specified in FUNSPT. It utilizes a Simpson rule type integra-

tion procedure given in Function SIMPSN. The arguments for this

subroutine are

S = input data from FUNSPT;

N = number of subdivisions on spectral density SS;

WUP = upper cut-off frequency on SS;

WL = lower cut-off frequency on SS.

2.3.3 Subroutine SIMULT (A, N, NPT, WU, WL,

IX, Ml, NSIGN, INV, S)

The subroutine SIMULT is used to generate samples of the

time history corresponding to gust or maneuver loading. The

program utilizes the Fast Fourier Transform (FFT) algorithm

by calling subroutine HARM. The essential equations for this

simulation are

Real A(2 * J + 1) = SQRT(2.0 * SP) * COS(PHI)

Imaginary A(2 * J + 2) = SQRT(2.0 * SP) * SIN(PHI)

where J = 1, 2, . . ., N, SP = specified spectral density,

PHI = random phase angles uniformly distributed between 0 and

2iT which are generated by subroutine RANDU. The arguments for

this subroutine are A = specified by the above equations; N =

number of subdivisions on spectral density SP; NPT = number

of time points to be simulated; WU = upper cut-off frequency on

SP; WL = lower cut-off frequency on SP; IX = a number specified

in the input; NSIGN = specified in the input; INV, S = internal

parameters of the subroutine.

-7-



2.3.4 Subroutine HARM (A, M, INV, S, IFSET, IFERR)

Subroutine HARM perform a Fast Fourier Transform (FFT)

on the specified function A(I), (I = 1, 2, ., N). The argu-

ments for this subroutine are

A = generated input by the subroutine SIMULT;

M = number of points to be simulated, i.e., for one

dimensional case M(l) = Ml, M(2) = 0, M(3) = 0.

INV, S = internal parameters of the subroutine;

IFSET = 1, implies a forward Fourier Transform, IFSET = -i

implies an inverse Fourier Transform;

IFERR = internal parameter of the subroutine.

2.3.5 Subroutine PLOT (NP, DT, A, 0.0, M)

Subroutine PLOT plots a given function A with a dimen-

sion NP at step intervals DT. The argument M indicates how many

points from given NP needs to be plotted. For example, if

M = 1, it implies that every point is plotted, if M = 2, it implies

that every second point is plotted.

2.3.6 Subroutine PICK (A, NPT, S, NPK(J))

Subroutine PICK determines the rise and fall AS cor-
li

responding to the first counting procedure as described in Sec.

2.1. The arguments for PICK program are

A = input array from which rise and fall needs to be

found;

NPT = number of points in the input array A;

S = an array in which the rise and fall are stored;

NPK = number of rise and fall values found from the specified

input A.

-8-



2.3.7 Subroutine STDEVI (NST, NPK(J), S, STD,

RMS, Al(J), A2(J), . . ., A5(J), AN)

This subroutine raises the rise and fall values calculated

in PICK to powers Al, A2, . . ., A5, where

NST = parameter calculated by the main program;

NPK = number of rise and fall values;

S = rise and fall;

STD, RMS, AN = parameters calculated inside the subroutine.

2.3.8 Subroutine MEAN7 (NSAMPL, Al, . . ., A5,

AM1, . . ., AM5, AA, AN)

Subroutine MEAN7 calculates the average of rise and fall

raised to arbitrary power in subroutine STDEVI.

NSAMPL = sample size for which average is calculated;

Al, . ., A5 = parameters obtained in subroutine STDEVI;

AM1, ., A45 = calculated in the subroutine;

AA = calculated in the main program;

AN = calculated in the subroutine

2.3.9 Subroutine PICKM (A, NPT, S, MPK(J))

This subroutine calculates the rise and fall AS corres-
2i

ponding to the second counting procedure as described in Sec. 2.1.

The meaning of the arguments is the same as for subroutine PICK.

2.3.10 Subroutine PICKMX (Y, NPT, PMAX, LPEAK,

PMIN, MTROG)

Subroutine PICKMX picks all the peaks and troughs from

a given process.

NPT = number of points;

Y = input process;

-9-



PMAX = array for peak values;

PMIN = array for trough values;

LPEAK = number of peaks found;

MTROG = troughs found.

2.3.11 Subroutine CROSS (STDEV, PMAX,

PMIN, LLL, MMM, VZERO, RATIO)

This subroutine determines the crossing of the threshold

level specified by STDEV for a given process.

STDEV = standard deviation of the given process.

PMAX = peak value array of the process;

PMIN = trough value array of the process;

LLL = number of peaks;

MMM = number of troughs;

VZERO = indicates zero threshold crossing;

RATIO = when RATIO = 1, crossing for the total given time

history is determined, when RATIO = 0, crossing per

hour is found.

2.3.12 Subroutine SIMPSN (AF, NPT,

DSTEP, SIMP)

Subroutine SIMPSN integrates a given function AF utilizing

a Simpson rule integration procedure.

NPT = number of points to be integrated (must be an odd

number)

DSTEP = integration step;

SIMP = resulting area of integration.

2.3.13 Subroutine RANDU (IX, IY, YFL)

Subroutine RANDU generates independent random numbers

-10-



uniformly distributed between 0 and 1. By multiplying these num-

bers by 2f, random phase angles, which are necessary for the

digital simulation procedure, are obtained. An odd integer, IX,

needs to be specified in the main program. By changing IX, a

new seed of random numbers is generated.

IX = any odd integer less than 9 digits;

IY = internal parameter in the program;

YFL = output - random numbers between 0 and 1.

2.3.14 Subroutine FUNSPT (SP, Wl)

Subroutine FUNSPT is used to array the normalized empir-

ical spectral density function corresponding to aircraft maneuvers.

SS(W) = 27 * PHIO/(l + (2f * W/FB) ** A)/ANORML

where

W = frequency in HZ;

FB, A, PHIO = data parameters;

ANORML = area under SS which is determined in subroutine

AREA.

2.3.15 Subroutine STATIS (A, NP, STD, RMS)

Subroutine STATIS determines the standard deviation and

rms of maneuver loading.

A = input array;

NP = number of points;

STD = output - standard deviation;

RMS = output - root mean square.

2.4 PROGRAM OUTPUT

The MANLOD program generates printed output. In Table

1, the average of rise and fall for one realization is given

using the first range counting method described in Sec. 2.1.

-11-



TABLE 1, RISE AND FALL
(FIRST COUNTIITG METHOD)

3FTA= 0.0 •I\IFAf = ?285 4J= 0.2100 V"_= 0.0070

F41J I= 0.692 MW:41= n.9T n- -I. 94T iý •-5--- 2.163 M£EA4- -3.129
1EVJS= J.17399F9 0? MEA\17= 0.49034E 0? •EA\q3= 0.13P76E 0 M-•N9= 0.42170E 03

Ef AN45- 4.661 -FA 45= 7.126
MEA'10= 0.134?5E 9V

ST)EV= 0.6505576E 00 RMS= 0.9499773E 00

NPEAK = number of rise and fall;

WU = upper cut-off frequency on spectral density;

WL = lower cut-off frequency on spectral density.

STDEV = standard deviation of the rise and fall;

RMS = root mean square of the rise and fall;

MEAN1, MEAN2. . . ., MEAN10 = indicates the mean values if rise

and fall which were raised to powers 1, 2, ., 10

respectively.
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Similar results are shown in Table 2 for the second range count-

ing method. The standard deviation and rms of S (t) are also
m

included in this table.

TABLE 2. RISE AND FALL
(SECOND COUNTING METHOD)

3ETA= 0.0 NPEAK= 13Y0 WJ= 3.2)30 4L= 0.0070

S129? MrFA\12= ?..274 MEV$3= 4.791 ~EN*435= 7.-
mEAJ5= :.944)3E 0? '4L•\!(= 3._fJ3L UJ M-EMj J.jUt jj

STDEV= 0.7776743E 00 RMS= 0.1538034E 01

MEAN4- 11.401 MEA.445= 18.237 MEAN5= 29.802
~EA.f=u.~~05E 4 M~a,10- 0.!0559E 05

SST DA RD !EVIAT17! 1,1' 1 " 1 I T"1 F _TIM F PJU Y-

;TDEl= 0.6485804F )0 :,•M.S.= 0.7130958E 00

The average of rise and fall corresponding to averaged eight

realizations is given in Table 3 for the first range counting

method and in Table 4 for the second range counting method.

The number of rise and fall for each method is also indicated

in these tables.

-13-



TABLE 3. AVERAGE OF POWER OF RISE AND FALL
(FIRST COUNTING METHOD)

CASE T

AMIC"AF OF PDWF 3PF RISE ý\i FALL

)- \IJ5 BF• IF HISL AN) L LL
PO4EP

1.0 4.0 3..) 3.F 4, 4.5 5.0 -(1 , S FALL

0-. ... 169-.6 33' _ ,,7 1 9. 397 3. 6 8 5.%70 8. 6%5 2269

23.0n 56. 1 203.68 659.41 2235.61 2269

TABLE 4. AVERAGE OF POWER OF RISE AND FALL
(SECOND COUNTING METHOD)

AVr::,-,r n= PqWER flF PISE ANi FALL

AN4) NJMc3ER OF RISE AND FA..

1.0 ?. .l 1.5 ý. .5 5.0 F,~• ALL

0Z .... h. 2---5i•.3II 7,512 11,91 2 19.395 32.211 1031

6.0 7.1 R.1 9.) 1). 'EKS

0__.. L,__: 9  9 5  965 .1 3350.7? 12147.27 1031

The level of threshold crossing per hour against standard

deviations of the process is given in Table 5.
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TABLE 5. THRESHOLD CROSSING

\ 5 1~ T1T ý OSSilGS AT ')IFF:::YNT L=F OPSIM
F)J( RW)f H, ,q ~ r-/ TA 11 ) -V:

STALULATF) :?SULT

-5.OST(flMA= 0 ^2RF)SýT1,1-
-4.8SIG\4A= 0 '-RJSS Nl;S
-4 . AS- GM A= I_ _ _ _-_ _ _ _____I___r7

-4.4¶1G'iA= 0 Q flSSI N3!
-4.7STG4A= 0 CRISSTNGS

-4.rS~nM= f P OSS IINP 1
- .8 C, P1A= 0 RP0S1NS -,_____ I_______
-3.5ST 17M A= Z :Rt)S;N1GS
-3.4SITSA= 0 -,ROSS T "I',S
-3. 2 SI MA= 0 CR])SSINrVS

3QST f I ROS ; TG Mr__,;
-2.SI~A= 0 R.P9SSTN37S
-?.SIGA= 0 ýRISSTWVS

-2. 451;M A,= 0 riSci N77S
-2,ZS&I4A3-tA 0 !ZSSl N3S -- -_
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Section 3

AIRCRAFT RELIABILITY WHEN TIME TO CRACK INITIATION

IS A RANDOM VARIABLE (ARELl)

The purpose of this program is to calculate the probabil-

ity of first aircraft failure either of a single airplane or of

an airplane in a fleet. The analytical probability of failure

model is constructed for the case when time to fatigue crack ini-

tiation at a critical location on the aircraft is a random variable

having a Weibull type distri]hution. The analytical model allows

the inclusion of rigorous base type inspections which are per-

formed at equal time intervals over the design life of the air-

craft. A simplified flow chart of the program is shown in Figure

2. The following paragraphs discuss the input data, the struc-

ture of the program, and the output. The section on the structure

of the program includes only the key analytical expressions.

For a detailed description of all the equations, the reader should

consult the Technical Report.
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START

INPUT DATA

SENSITIVITY STUDY

Q

A(T)

R (T) SUBROUTINES

HCOM (H, ARO, AR1 ....... , AR8, P. AN)

HSIN (H, ARO, ARI, ..... , AR8, P. AN. UPC)

TH(T)-- QSF (H, Y, Z, NDIM)
L------- --------------------------- 4

FUNCTIONS

PROBABILITY OF FAILURE ERF(X)
NO INSPECTION •--- ! EEXP(X) I

I I

PROBABILITY OF FAILURE • 4 ( F(X) I
WITH INSPECTION FS(X)

END

Figure 2. Simplicied Flow Chart of the ARELl Program
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3.1 INPUT DATA

There is one input data card used for the ARELl program.

The Format of this data card is illustrated in Table 6.

TABLE 6.

DATA CARD FORMAT FOR ARELl PROGRAM

Column Contents Format

1-10 XY = a number from 1 to 32 F 10.0
which references the 32
parameters in the system

11-20 YZl = new input data if F 10.0
only one parameter is
changed

21-30 YZ2 = new input data if two F 10.0
parameters are changed

31-40 YZ3 = new input data if three F 10.0
parameters are changed

The remaining data parameters are specified at the

beginning of the main program. For the physical description

of these parameters see the Technical Report.

The data are as follow: EF = X, material constant; BE = b,

a parameter in the fatigue crack propagation model; DKTH =

threshold value of the range of stress intensity factor;

EFD = X', material constant, C = c, material constant: KC =

critical stress intensity factor; AO = initial fatigue crack
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size; ALPHA = shape parameter in Weibull distribution; BETA

scale parameter in Weibull distribution; CMP(l) = 1., CMP(2) =

1., CMP(3) = 1. implies that the aircraft loads due to nonstorm

turbulence, thunderstorms, and maneuvers each is taken as com-

posite Gaussian processes; CMP(l) = 0.0, CMP(2) = 0.0, CMP(3) =

0.0 implies that the aircraft loads due to nonstorm turbulence,

thunderstorms, and maneuvers each is taken as a single Gaussian

process; UPC(l) = 1., UPC(2) = 1., UPC(3) = 1. implies that the

input loads are truncated at certain level (single Gaussian

case only); EL = the truncation index on maneuver loads;

G = gravitational constant in ksi; AA(4), AAA(4) = rise and

fall parameters of the random stress process due to gust which

can be determined from MANLOD program by selecting the option

NSIGN = 0; AAAA(4) = rise and fall parameter of the random

stress process due to maneuvers which can be determined from

MANLOD program by selecting the option NSIGN = 1; BAB(4) =

(2 * I - 1)!! where I = BE/2 and (2 * I - 1)!! = 1 • 3 5 .

AN(l), AN(2) = characteristic stress response frequencies

corresponding to gust; AN(3) = characteristics stress response

frequency corresponding to maneuvers; ANA = characteristic stress

response frequency corresponding to ground - air - ground

loads; PP(l), PP(2), PP(3) = fractions of aircraft flight time

spent in clear air turbulence, thunderstorms, and maneuvers,

respectively; SGC(l), SGC(2), SGC(3) = stress intensities due

to clear air turbulence, thunderstorms, and maneuvers, respec-

tively, when each loading is treated as a composite Gaussian

process; SGS(l), SGS(2), SGS(3) = stress intensities due to
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clear air turbulence, thunderstorms, and maneuvers, respective-

ly, when each loading is treated as a single Gaussian process;

XO = 1G level loading (level flight); ZR = stress intensity

due to ground-air-ground loads; VO = coefficient of mater-

ial strength variation; AMVO and RO = mean of the material

strength; FSF = 1.0 indicates a fail-safe type design, FSF =

0.0 indicates a slow crack propagation model; ZETA = factor

indicating the residual strength at the fail-safe crack size

AS; AS = fail-safe crack size; TT = design service life of the

airplane; Al = minimum crack size below which the crack cannot

be detected by inspection; A2 = maximum crack size beyond which

the crack is always detected by inspection; RM = power expon-

ent for the crack detection probability model; U = inspection

probability; NN = number of rigorous base type inspections;

NPT = number of divisions on Weibull distribution; NOI = number

of output points when no inspections are included in the air-

craft probability of failure model; NF = number of aircraft

in a fleet. The units of the input data are time = hours,

length = inches, strength = ksi; force = pounds.

3.2 PROGRAM DESCRIPTION

The Aircraft Reliability Program ARELl consists of a

main program unit and seven subroutines HCOM, HSIN, QSF, ERF,

EEXP, F and FS which are described in the following paragraphs.

The program listing is given in Appendix B.

3.2.1 The Main Program Unit ARELl

The main program reads and initializes the specified

data as described in Sec. 3.1. The first part of the program
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is designated for the sensitivity study of the 32 parameters in

the aircraft reliability model. This is achieved by specifying

the value of XY from 1 to 32. Each number of XY corresponds

to a particular parameter in the system which are defined in

Sec. 3.1.

The input load parameter, Q, due to the combined effect

of the clear air turbulence,thunderstorms, maneuvers, and

ground - air - ground loads is calculated from

A = AN(l) * PP(l) * SB(l) + AN(2) * PP(2) * SB(2)

+ AN(3) * PP(3) * SB(3)+ANA * ZBB

where SB(l), SB(2), SB(3) and ZBB are the averages of the BE power

of the rise and fall of the stress response process corresponding

to clear air turbulence, thunderstorms, maneuvers, and ground -

air - ground loads, respectively. These parameters are evaluated

for a composite Gaussian process and for a single Gaussian

process. The fatigue crack size at flight time T, A(I), (I =

1, 2, . . ., NPT) is determined utilizing the fail-safe design

and the slow crack propagation models. The residual strength,

R(I), is determined from the Griffith-Irwin equation

R(I) = FLOAT(KC) * SQRT(2.0/PI/A(I))/RO

for the slow crack propagation model and from

R(I) = 1.0 - (1.0 - ZETA) * SQRT((ABS(A(I)

- AO)/(AS - AO)))

for the fail-safe design, where RO = ultimate strength. Then,

the failure rate, H(I), is determined by calling subroutine

HCOM when the input loading is treated as a composite Gaussian

process and subroutine HSIN when the input loading is taken as a

single Gaussian process. The summation of the failure rate from the
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fatigue crack initiation to T flight hours after crack initiation

is obtained by integrating the failure rate H(I) by calling sub-

routine QSF. The time to crack initiation having a two para-

meter Weibull distribution is calculated from

W(I) = ALPHA/BETA * TBETA ** ALPH1

* EXP(-TBETA ** ALPHA)

where TBETA = T/BETA, ALPH1 = ALPHA - 1. Then, by specifying

NN = 0, which implies no inspections, the probability of

first aircraft failure, P(I), is calculated. WhenNN / 0 with

the inspection probability F specified in FUNCTION F, the pro-

bability of first aircraft failure, P(J), (J = TT/NN) is deter-

mined at each inspection interval. The probability of first

aircraft failure, TP(J), in a fleet of NF airplanes is calcu-

lated from

TP(J) = 1.0 - (1.0 - P(J)) ** NF

3.2.2 Subroutine HCOM (H, ARO, AR, . . ., AR8, P, AN)

The subroutine HCOM determines the failure rate H(I)

for the case when input loading is taken as a composite Gaus-

sian process. The necessary arguments of the program are

H = failure rate - output;

ARO, ARI, . ., AR8 - calculated in the main program;

P = input data corresponding to PP(l), PP(2) and PP(3);

AN : characteristic frequency calculated in the main program.

3.2.3 Subroutine HSIN (H, ARO, ARI, . ., AR8, P, AN, UPC)

The subroutine HSIN calculates the failure rate, H(I),

for the case when input loading is considered as a single Gaus-
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sian process. The subroutine provides an option for trunca-

ting the failure rate at certain truncation level EL (for

example maneuvers). This is achieved by setting UPC = 1.0

in the main program. The necessary arguments of the program

are the same as in subroutine HCOM and UPC is specified as

input data.

3.2.4 Subroutine QSF (H, Y, Z, NDIM)

Subroutine QSF integrates the given input function Y

at specified integration steps H and stores the results in Z

at each integration step. NDIM = number of input points to

be integrated.

3.2.5 Function EEXP (ARG)

Function EEXP (ARG) is used to calculate EEXP (ARG)

EXP (ARG) - 1.0 by utilizing an expansion procedure for the

case when ARG > -50.0 and 0 < ARG < .01. When ARG < -50.0,

EEXP (ARG) = -1.0, and when ARG > .01 no expansion is used.

3.2.6 Function F(A)

Function F(A) specifies the crack detection probabi-

lity corresponding to rigorous type inspections in terms of

the crack size A. The necessary data for this function is

specified in the main program.

3.2.7 Function FS(A)

Function FS(A) determines probabilities of not de-

tecting a fatigue crack.

3.2.8 Function ERF

Function ERF calculates the error function in terms
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of exponentials.

3.3 PROGRAM OUTPUT

The ARELl Program generates printed output. First the

input data XY, YZl, YZ2, YZ3 is printed as shown below for a

particular example.

XY,YZ IY72,YZ3 0. 00000 F 02 0.0 9.3 0.0

The calculated parameters SBl, SB2, SB3, ZBB, Q, ANS, ATH, TB,

AC, TC, CDS, FSF are printed as shown below

S 1 SBZ,SB3,ZB , O, ANIS
O.U83E 02( 1.0) 0.1622E 04( 1.0) 0.2400E ')3( 1.0) 0.5063E 05

0.6267E 05 0.3300F 03

AJ1, -ACDSA SFI -IT - T 70 .1 434L-a 0.1 UUU 0i
0.1 39E 00 2

where

SBI, SB2, SB3, ZBB = average stress intensities raised to BE

power corresponding to clear air turbulence, thunderstorms,

maneuvers, and ground-air-ground loads, respectively.

Q = combined input loading;

ANS = PP(l) * AN(l) + PP(2) * AN(2) + PP(3) * AN(3) is tne

average characteristic frequency of gust and maneuver loads

combined;

ATH = fatigue crack size at the threshold level;

TB = time to reach threshold crack size;

AC initial critical crack size;

TC time to reach AC;

CDS = c ;calculated material constant in the crack propagation

model
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FSF = index denoting fail-safe or slow crack propagation model.

Table 6 contains a listing of the output sample for

A, R, H, TH and W as functions of flight time T.
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TABLE 6. CRACK SIZE A, RESIDUAL STRENGTH R, FAILURE RATE H,

SUMMATION OF FAILURE RATE TH, TIME TO CRACK INITI-

ATION W.

ITIMEA,R,H,TH,W

51 500.0 0.0412 C.9924 q. 411F-10 0:.191F-0 7  0.617;-)9101 1000.0 0.0427 0. reA8 . 45"E-1I 0 .407E-07 0.494E-03151 1500.0 0.0445 0.0(56 4.t99F-I ) D.646E-07 0 0.167E-07201 2000.0 .. o0.0467 0. 9R?" b. 547t--I ()o ------- o--251 2500.0 0.049F 0.97R9 0.604 E- O I19•-06 r,.772E-07301 3000.0 0.0536 C.9748 '.679E-10 0.151F-06 0.133E-06351 3500.0 0.0603 0.9692 0. 796F-10 0.18s8-06 0.212E-06401 4000.0 C.0755 0.95?? 1 .1.06F-19 --
451 4500.0 0.2145 0. q00,7 0. 419-09 0.331E-06 0.450F-06501 5000.0 1.5P28 0.7316 n. 781E-07 0.503r-05 0.617E-06551 5500.0 7.0000 0.43900 . 674 -0n 3.[81E on 0.8_21E-06601 6000.0 . 7.000 0 .4 0 0 - -0. 6744- 3.651 6500.0 7.0000 0.4300 0.674F- 3 0.8608 00 0. 135E-05701 7000.0 7.0003 0.4300 0. 674#-03 3.123F 01 0.169F-05751 7500.0 7.0000 0.4300 0. 674E-03 0.153E 01 0.208E-05801 8000.0 -7.0000 0.43P0 0 * 6T4_- 3 - -1 RTE-- 1 O 7..5-2EO-5----851 8500.0 7.0000 0.4300 0. 674F-03 0.221F 01 0.301F-05901 0000.0 7.0003 0.4300 0. 674E-03 0.254P 01 0.3578-05951 9500.0 7. 0000 0.43i0 9. 674 E-) 3.2-3 E 01 0.419F-051001 [0-03 0-.0 7.0000 0. 470 0 0._674 -OT --1051 10500.0 7.0003 0.4300 0.674F- 3 0.355E 01 0.563E-051101 11000.0 7.0000 0.4300 ). 674P-l! D.3R9F 01 0.646E-051151 11500.0 7.0000 0.43.0 0.674E-33 0.423' 01 0.735E-051201 1200 C.0 7.0000 0.4'3)0 0 .6748 0, 456E-OI. 033. ,_ -1251 12500.0 7.0000 0.4303 O ). 674F-3 0.490-- 01 0.936F-051301 13000.0 7.000) 0.4300 0.674E-03 0.524P 01 0.105E-041351 13500.0 7.0000 0.4303 0. 674E-03 0.557E 01 0.117F-041401 14000.0 7.00011-- 0. 4330 - 0 . 674E-03 -. l1451 14500.0 7.0003 0.430n 0.6748-Ya 0.625t" 01 0.143E-041501 15000.0 7.0000 0.4300 0.6748-03 3.659ý 01 0.1578-04NN= 0 0.157E--4

-26-



In Table 7 the probabilities of first aircraft failure

for a single airplane and in a fleet of 50 airplanes are shown

for the case when no inspections are performed.

TABLE 7. PROBABILITY OF FIRST AIRCRAFT FAILURE (NO INSPECTIONS)

1,T, PI),TPTNI Single Fleet

1 500.0 0.15522E-07 0.8266 --0-
2 1000.0 0.33043E--07 0.1652I1F-05
3 1500.0 0. 49586E- 07 0.24793E-05
- 2000.0 0.66197E-07 0.33098F-05

2-5- 0O -0. 4i9-5E--5--
6 3000.0 0.99535=-07 0.49767F-05'
7 3500.0 0.11640F--06 0.5820OE-05
8 __4_000 0. 13 4I3458E-06 0.67288F-05
9 4500.0 0.15 530E - 06 O.-0.T6,-4--..

10 5000.0 0 .17369E-06 0.86845E-05
11 5500.0 0.1941 8F- 06 0.97090E-05

____- i000.0 0.25774E-06 0. 1288 7F- 04
13 6500.0 0 73 03 9E--
14 7000.0 0 .271087- 05 0. 13553E-03
15 7500.0 0.83435E-05 0.41709E-03

- -16 80n0.0 0.21 126F- 04 0.10558E-021T7 85-0-0-. 0 0 .45-96 •-6E-D-A- ...... 0-F 9 -#3 -02----
18 9000.0 0.83012E-04 0.44409E-02
19 9500.0 0.15871E-03 0.79041E-02
23 10000.0 0.26461E-03 0. 13145E- 01
21 1.0500.*0 OV~F0 6E01
22 1000.0 0.63304=-03 0.31166E-01
23 11500.0 0.92381E-03 0.45161FE-01
24 12000.0 0.13075E-02 0.63325F-01
25 12500.0 0 .18027E-02 -8-627E -01
26 13000.0 0.24299E-02 0.11453E 00
27 13500.0 0. 32106E- 02 0.14853F 00
28 14000.0 0.41690E-02 0.18851E 00
29 1450 •0 . 0 ---0-.-53 3 04F- z0 2-3-W-F .01.
30 15000.0 0.67216F-02 O.28624E 00

The probabilities of first aircraft failure for a single airplane

and a fleet of 50 airplanes with 5 scheduled inspections are

given in Table 8.
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TABLE 8. PROBABILITY OF FIRST AIRCRAFT FAILURE

(INSPECTIONS INCLUDED)

I,TP(IbTP( i) . Single Fleet

. 2500.C 0.82990E-07 0.41495E-05
2 5000.0 0.I 7184=- C16 0.85919E-05
3 . .7500.0 ... 72 F--Y6 . 3624 -0W-
4 10000.0 0. 10433E-04 0.52150E-03
5 12500.0 0.53 2121:-04 0. 26571E-02
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SECTION 4

AIRCRAFT RELIABILITY WHEN INITIAL CRACK

SIZE IS A RANDOM VARIABLE (AREL2)

The purpose of AREL2 program is to determine the proba-

bility of first aircraft failure either of a single airplane or

of an airplane in a fleet. The probability of aircraft failure

is constructed on the condition that the initial fatigue crack

size is a random variable for which the probability density

function is obtained by appropriate transformation of the Wei-

bull distribution of the time to fatigue crack initiation. The

probability of failure model allows to include rigorous base

type inspections which are performed at equal time intervals

over the design life of the aircraft and cursory inspections

which are performed at specified time intervals between the

rigorous inspections. The probabilities of aircraft failure

are calculated at rigorous inspections. The program includes

options to study the effect of proof test and input load level

truncation on the probability of first aircraft failure. A

simplified flow chart of the program is shown in Figure 3. The

following paragraphs discuss the input data, the structure of

the program, and the output.
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4.1 INPUT DATA

There is one input data card which is of the same format

as shown in Table 6 except the parameter XY now ranges from 1

to 34. The remaining data parameters are specified at the be-

ginning of the main program. The main contents of the data

parameters for AREL2 program is the same as for ARELl program.

These are described in Sec. 3.1. The additional data parameters

are as follow: NBN = number of subdivisions on the probability

density function G(AO) corresponding to initial fatigue cracks;

AL = lower limit of AO for G(AO); AU = upper limit of AO for

G(AO); ACT = truncation level due to proof test on G(AO), CSRY =

0.0 implies no cursory inspections, CSRY = 1.0 implies cursory

inspections included; NR = number of rigorous inspections; NC =

number of cursory inspections; CAl = minimum crack size which is

detected by cursory inspection.

4.2 PROGRAM DESCRIPTION

The Aircraft Reliability Program AREL2 consists of a

main program unit and eleven subroutines DENST, HCOM, HSIN, QSF,

CIN, HIN, ERF, OMEXP, FF and FC which are described in the

following paragraphs. The program listing is given in Appendix C.

4.2.1 The Main Program Unit AREL2

The main program reads and initializes data as described

in Sec. 4.1. The first part of the program is designated for

the sensitivity study of the 34 parameters in the reliability

model. This is accomplished by specifying the value of XY from

1 to 34. Each number corresponds to a particular parameter in
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the system which are described in Sec. 4.1. The combined

input load Q is determined in the same fashion as described

in Sec. 3.2.1. Then with a call to subroutine DENST a

probability density function G(AO) for the initial crack

size AO is generated. The crack size A(I), the residual

strength R(I) and the failure rate H(I) are calculated in

terms of AO in a similar fashion as described in Sec. 3.2.1.

The summation of the failure rate H(I) is obtained by call-

ing subroutine QSF. The probability of first aircraft fail-

ure with rigorous and cursory inspections included is cal-

culated from subroutine CIN. Similarly, the probability of

first aircraft failure where no inspections or only rigor-

ous inspections are performed is determined by calling

subroutine HIN. The effect of proof test on the probabil-

ity of failure is determined by specifying ACT to be equal

or less than AU.

4.2.2 Subroutine DENST (G, NN, AU, AL, DA)

Subroutine DENST calculates the probability density

function G(AO) of the initial crack size AO. This is achieved

by transforming the probability density function W(T) corre-

sponding to the time to crack initiation. The output of the

transformation is stored in G. The other arguments of the

subroutine are

NN = number of division points on W and number of

output points on G;

AU = maximum specified initial crack size value;

AL = lower limit crack size of G.
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4.2.3 Subroutine HCOM (H, ARO, ARI, . . ., AR8, P, AN)

Same as described in Sec. 3.2.3.

4.2.4 Subroutine HSIN (H, AR0, ARI, . . ., AR8, P, AN, UPC)

Same as described in Sec. 3.2.4.

4.2.5 Subroutine QSF (H, Y, Z, NDIM)

Same as described in Sec. 3.2.5.

4.2.6 Subroutine CIN (A, H, G, CA1, NC, NR, NN, ITO)

Subroutine CIN determines probabilities of first aircraft

failure with both rigorous and cursory inspections included. The

arguments of the subroutine are

A = input data - fatigue crack size which is calculated

in the main program;

H = summation of the failure rate;

G = probability density function of the initial crack

size which is determined by subroutine DENST;

CAl = minimum crack size which is detected by cursory

inspection and is specified as input;

NC = number of cursory inspections in an interval between

rigorous inspections;

NR = number of rigorous inspections;

NN = total number of inspections (cursory and rigorous);

ITO = an index for output print.

4.2.7 Subroutine HIN (A, H, G, NN, ITO)

Subroutine HIN calculates probabilities of first aircraft

failure when no inspections or only rigorous inspections are

performed. The meaning of the arguments for this subroutine
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are the same as for subroutine CIN.

4.2.8 Function ERF(X)

Function ERF(X) is the same as in ARELl program.

4.2.9 Function OMEXP(X)

Function OMEXP(X) evaluates OMEXP(X) = 1 - EXP( X)

utilizing an expansion procedure.

4.2.10 Function FF(X)

Function FF(X) calculates the crack detection probability

corresponding to rigorous type inspections. The necessary data

for this function is specified in the main program.

4.2.11 Function FC(X)

Function FC(X) specifies the crack detection probability

for cursory inspection. The input argument in terms of the

crack detection size is specified in the main program.

4.3 PROGRAM OUTPUT

The AREL2 program generates printed output. The input

data XY, YZI, YZ2, YZ3 is printed for a chosen example. The

number of rigorous inspections NN, the crack size A, the failure

rate H, the probability of first aircraft failure of a single

airplane PA, and the probability of first aircraft failure

TPA in a fleet of airplanes are printed as shown in Tables 9

and 10 corresponding to fail-safe and slow crack propagation

models, respectively.
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TABLE 9. CRACK SIZE A, FAILURE RATE H, PROBABILITY OF FAILURE

FOR SINGLE AIRPLANE PA, PROBABILITY OF FAILURE IN A

FLEET TPA (FAIL-SAFE)

r A M P, TPA
11 0.4270466E-01 0.407206IF-07 0. 3394086r-07 0. 16970'+1E-05
21 0.4667349E-01 0.9069237E-07 0.68155836-07 0.3407785--05
31 0.5364176E-01 0.1513895F-06 0. I0Zu29ZE-u Qv.51211+5E-05
41 0.7546765E-01 0.2331089F-06 0. 1367163E-06 0.6835792E-05
51 0.1582803E 01 0.5295597E-05 0.1710062F-06 0.8550273E-05
61 C.70000006 01 0.5207602E 00 0.2053084E-06 0.1026537E-04
71 0.7000000E 01 0.1194295E 01 0. 2965E - 06 U. 19t82(9_:-U4
81 0.7000000E 01 0.1867827E 01 0.2740477E-06 0.1370229E-04
91 0.7000100E 01 0.25413606 01 0.3084521E-06 0.154223BE-04

-101 .7000000E 01 0.3214892-E 01 0.3428797E-06 0.1714383E-04
Ill 0.o 00000E 01 0.3888425E 0D U.3173134h,-Ub U. 1885550E-04
121 0.7000000F 01 0.4561957E 01 0.4117510E-06 0.2058732F-04
131 0.7000000E 01 0.5235493)E 01 0.4461873E-06 0.2230910E-04
141 0.7000000E 01 0.5909C22F 01 0.4806233E-06 0.2403087E-04
151 0.7000000E 01 0.6582555E 01 0.5150594E-06 0.251')63E-U4

TABLE 10. CRACK SIZE A, FAILURE RATE H, PROBABILITY OF

FAILURE FOR SINGLE AIRPLANE PA, PROBABILITY OF

FAILURE IN A FLEET TPA (SLOW CRACK GROWTH)

4N= 14
T A H PA TPA

it 0.4270466E-01 0.3304082E-07 0.3304045E-07 0. 1652020E-05
21 0.4667349E-01 U.66081561--)f U.66019 1-U1 0. 3,303U U i-05
31 0.5364176E-0I 0.9912242F-07 0.99119 18F-07 0.4955%46E-05
41 0.7546765E-01 0.1321632E-06 0.1321584E-06 0.6607897E-05
51 0.1582803E 01 0.17659106-04 0.1651974E-06 0.8?59838E-05
61 0.1000000E 04 0.7670562F 03 0.19840710-06 0.9920299E-05
71 0.10000COE 04 0.1767055F 04 0.?3?2512 06 0.1161249--04
81 0.1000000E 04 0.2767054E 04 0.2671156F-05 0.1335569E-04
91 0.I000000F 04 0.3767052F 04 0.3021181E-06 0.1510579E-04
101 0.10000COE 04 0.4767039E 04 0.3372525E-05 0.1686247E-04
Ill 0.1000000E 04 0.5767020E 04 0.3725574F-06 0.1862 769E-04
121 0.1000000E 04 0.67670006 04 0.4078362E-06 0.20391606-04
131 0.10000006 04 0.7766980E 04 0.4431927E-06 0.221593BE-04
141 0.100000E 04 0.6166961E 04 0. 4S52 93F-05 0.739i?17:--04
151 0.10000COE 04 0.9766941E 04 0.5138896E-06 0.2569414E-04
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APPENDIX A

C MANUVER LOADING

DIMENSION A(32768),INV(4096),S(4096),BETA(6)
.[MENSINA'1_(8) ,A2(81,A3(8bA35(8bA() A '(8A5
DIMENSION P1 (8),22(8)1,83(8),B35(8),84(8),B45(8),85(8)
DIMENSION X1(6),,X2(6)bX3(6) ,X35(6),X4(6),X45(6),X5(6) ,XX(6,5J
DIMENSION Yl1(6),tY2(6),Y3(.6b)Y3,5(6),Y4(6),Y4-5(6JY5.(6h-YY-(6,-5.)-..
DIMENSION NPK(8) ,tPPK(8)d'YPEAK(6) ,MPEAK(6)
DIMENSION AA(8,5)qPB(8v5)qAN(5a,8N( 5)

C- COIMMON IAXC/Z(200)
CATA BETA/O.OO.25,0.5,0.75,C08,0.9/

C NSAMPL -- NO OF SAMPLES USED FOR EACH BETA VALUE
.C_ _NBETA -- NO O F BE TA VA LU E S

C WUP - UPPER BOUND FREQUENCY IN HERTZ
C WI - LOWER FOUND FREQUENC'Y IN HERTZ
C N -- NO CF DIVISIONS IN SPECTRAL DENS ITY- --

C NP....- Nn OF SIMULATED TIME POINTS
C Ml - 2**M1=NPT
C NS IGN Q. USE .W-H.I'TE. NOIS.E S.P-EC-TR.UM-
C 1 USE USER SUPPLY SPECTRUM
C TIME -- TOTAL SIMULATED PERIOD [N SECONDS
C REDJCE 7-- REDUCTION FACTOR OF THE -NEGATIVE PWRT OF THE
C TIME HISTORY

REDUCE=0. 25
P1=3.141593
N SAMPL= 8
NBETA=1
WUP= 0.2
N=2048
NPT= 16384
M1=14
NS [GN=l
DT=FLOAT (N)/( WUP*FLOAT(NPT) J
WL=0. 007
TIME=DT*NPT

C CALL AREA TO FIND THE AREA OF SPECTRAL DENSITY IN ORDER TO
f NORMALIZE S(W)

CALL AREA (S,5l2,WUPWL)
A( 1) =100000.
A (2) =0.
A(3)=02
SC'ALE=1.0

ýC CALL GRAPH (AS,512,2,' 1921,0 ',2,' 0,20 ',SCIALE)
WRITE(6,312) TIME*DTWUPWL

312 FfRA(OvPRO=II*94I)~t~44,W~953
1 4X i'WL=' tF5.3/)
NP=400

C NPOTS -- NO OF POINTS IN EACH GRAPH
C NPLOTS -- NO OF G.RAPHS TO BE PLOTTED,

NPOT5= 1025
IX=3234567'
D') 100 1=1,NBETA
W U= lwUP
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CALL SIMULT (AN,NPTWUWIIX, M1,NS IGN IgNVS)
DO 72 KK=1,NPT

72 CONTINUE
WRITE(6, 20)

IF (J*GT*1) GOTO1
C WRITE OUT PART OF THE SAMPLE TIME HISTORY U1ST SAMPLE)

WR ITE (6t 74) (A( 1 ) 9 11=19NS)
74 FORMAT( (1X,24F5.2))

CALL PLOT fNPDýTjAAQj.q,1) -___- -

15 CALL PICK (ANPTSNPK(J))
CALL STDEVI( 1,NPK(J),SSTDRMSA1(J),A2(J) ,A3(J) ,A35(J)

-~~~ IA4J,4() A5(JjqAN) _

DO 34 L=195
34 AA(J,L)=AN(L)

WRITE(61-25-iETA ( Ih~tN(J),ULTtM --- -

25 FORMAT(Il5X,'BETA=',F6.3,5X,'NPEAK=',I6,5X,'WU~'
1 FB.4,5X,'WL=',F8.4,5X,' STDEV=' ,E14.7.5X,'RMS=' ,EI4.7/)'

I (AA(JtL),L=l,5)
30 FORMAT(5X,'MEAN1=',F7.3,3X,'?'EAN2=',F7.3,3X,'MEAN3=',F7.3,

2 3X ' MEAN5=',F8.3/5X,'MEAN6=',E12.592X,OMEAN7=',El2,5t2X,
3 'MEAN8=',El2.5,2X,'MEAN9=' ,E12.5,2X,'MEANIO0=',El2.5/)

C WRITE(6,70T-)_(A-(L-)-tL~1,YP N _- -P
C 70 FORMAT(/IO(2X,F~o.5))
C WRITE(6,70) (S(L),L=I,5O)

- ----CAL.L PICK-M_(-A,N Plj,StM-P-K(-J-)-) ---- ----

CALL STDEVI(1,MPKIJ),S,STD,RPSBI(JiB2(J),B3(J),835(J),
1 B4(J),B45(J),B5fJ), BN)

00 44 L=1 5-----------
44 OB(J,L)=BN(L)

WRITE(6,25) BETA(I),'4PK(J),WrU,WLtSTDRMS
__ WRITE(6,30)B(J,2J,3J,3J)4A)4()B5J-

1 ,(BB(J, L),PL=lt5)
C WRITE(6,70) IS(L),-t150)

CAL STTIS(A,NPT,STDVPMSV)-
C TO FIND THE STANDARD DEVIATION OF THE PROCESS

WRITE(6,212) STDV,RMSV
212FORATI / X,'SANDRDDEVIATION rOF THE TIME HISTORY,

1 I/5X,'STDEV=',E14.7,5X,'R.*MoS.=',E14.7)
80 CONTINUE

_- -NS AM =.NS A M-PL _

CALL MEANT (NSAM,A1,A2,A3,A35;A4,A45,A5,AM1,AM2;AM3,
1 AM35,AM4,AM45,AM5,AA,AN)
WRITE (6,-95) -AMltAM, M ,M5 AtAM AM5,(-fAN(L),L=lt5)

95 FORMAT(IIIIIOX#IAM ',6(3X,E14*7)/15X,6(3X,E14.7)/)

X3(I )=AM3
X35( I)=AM35
-X4( Il )ý=AM4._
X45( I)=AM45
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X X5 (iAM5
DO 82 1=1,5

82 XX(ItIJ=AN(L)
C A LL .M EA N7 ( NS A MtBItB2 9B3, B3 5 , B4 tB4 5 B5 qBM1,9BM218 M-3 v

1 BM35,BM4tBM45,BM5tBBi8N)
WRITE(6,,96) BMI,8M2,BM3,BM35tBM4,BM45,BM5,(BN(L),L=1,5)

YI( I)=BMI
Y2( I)=BM2
~Y3A1)=BM3
Y354 I)=BM35
Y4(1I =BM4

--Y45(f I= -B-M4 -5
Y5(1I)=BM5
DO) 81 1=1,5

NPEAK(I )=0
MPEAK([ )=O
DO 9.8 1! =11 NSAM----
NPEAK( I)=NPEAK( I)+NPK( II)

98 MPEAK(I)=MPEAK(I)+MPK(I[)
-NPEAK(I )=NPEAK( I)/FLOAT(NSAM)
MPEAK4I )=MPEAK( I)/FLOAT(NSAM)

100 CONTINUE
WR[TE(6, 105)_

WRITE(6tI06)
106 FORMAT(3X-91AVERAGE OF POWER OF RISE ADFt'

I /30X,' AND NUMBER OF RISE AND FALL 'I/43X,IPOWER'/)
WRITE(6, 110)

-1-10 --FORMAT(,15Xv,'1.0',_q5X,'12ý-O.O',5X-,'I3.Q',l5X,9'3ý*.5', -5Xv4. -0
1 5X,'4o5',5X,'5o0',5X,'RISE & FALL'/6X,'BETA')
DO 120 I=1,NSETA

120 WRITE(6,140) BETA( I),X1(I-.),X2,([),-X3(T),rX35(Ib4I
1 X45(I),X5( I),NPEAK(I)

140 FORMAT(/6XF4o2,2X,7F8,3,2Xt7)

WRITE( 6, 145)
145 FORMAT(1H1////42X,'CASE III//)

WIE(69106)__
WRITE(6, 110)
DO 150 1=1, NBETA

150 WR [TE(6, 140) BETA(I,1 ),2 ),3I,31)Y(
1 ,Y45(IhY5( I)tMPEAK(I)
WRITE(6,105)
WR ITE( 6,1061
WRITE (6, 111)

III FORMAT(15X,'6.O',8X,'7.0',8X,'8,O',8X,'9.O',8X,'l0.',
_I X, PEAKS'/,§X,l #BETA#)---------
DO 121 I=1,NBETA

121 WRITE(6,141) BETA(I ),(XX{IL),1=1,5),NPEAK(I)

WRITE(6, 106)
WR [TEl 6,111)
DO10' 151 I=1,NBETA

51WRI -TE( 16,141) BETA(IT),(YY(1,L),L=1,5),MPEAK(I)
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- 1 - DEY1
CALL PICKMX (ANPT, 5(1) ,LLL ,S( 2049) ,MMMi)
WRITE(6,123) LLL,(S(L),L=1,LIL)

123 F0RMAT(lHl/lOX,'Nl. OF PEAKS=',16/(2XdOFB*4))
124 FORMAT(IH1/1OX,'Nlo OF TPOUGHS=',16/(2X,lOFB.4))

C_ RATIO -- 1--- GIVE-T-OTAL-CROSSIUNGS OF-THE-.HISTORY.-
C 3600/PERIOD GIVE CROSSINGS PER HOUR

RAT 101.=;S fTE.S.l $,QýS-#L~.MPVZ.Q.AT1
--CALL CROS SDVS1,(0~,L~~MVEDRTO
RAT 10=3600o /TIME
CALL CROSS (STDEV,S(1),S(204q),LLL,MMM,VZERO,RATIO)

END

SUBROUTINE STDEVI(NSTNPT,5IUNSTDRMSAlA2,A,A3vA5,A4,.45,A5,At'J)
-DIMENSION FUN(lhtAN(1) -

ASUML=0.O
ASUM2=0. 0

-- ASUM-3=.0 -_

ASUM35=0. 0
ASUI4=0. 0
.-A5SUM45,=0.--------
ASUM5=0. 0
00 10 I1=15

1-1.AN~t I )=0.0
10xPOINT-FLOA1(NPT-fNST+l)-- - -- - - -

DO 5 JT=NSTNPT
-AA-2=FUN (J-T I*FUN-(JT) I.-
AA3=FUN(JT)*AA2
AA35=FUN(JT)**3. 5
A?44= AA2*AA2

AA5=AA3*AA2
-ASUMI=ASUM1tFUN( JT)
ASUM2 =ASU M2 +AA2
A SUM 3=A SUM 3+AA3
ASUM35=ASUM35+AA35 _

A S--U-M-4 =-A SUM4-+AA-4
ASUrn45=A SUM45+AA45
ASUM +5=ASUM5+AA5 -

AN(1)=AN(1 )+AA3*AA3
AN(2)=AN (2) +AA35*AA35
AN(3 )=AN(3).AA4*AA4
AN(4)=AN(4) +AA-45*AA4-5
AN(5 )=AN(5).AA5*AA5

.5,C.ONTINUE
A1=A SUMl/XPO [NT
A2:ASUM2/XPO INT
A3=ASUM3/XPO [NT
A-35=ASUM35/XPOI1 NT-
A4-ASUM4/XPOINT

-A45=ASUM45/XPOINT

A5='ASUM5/XPOINT
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DO 15 K=195
15 AN(K)=AN(K.)/XPOINT.

RMS=SQRT(A2)
STD=SQRT (A2-A1*A 1)
REFTURN
END

SUARCWT14tN M-EANT (N54PL,A1,A2,&3,A35,A4,A45,A5,Ai417AM.2,
1.Ar43tAM35tAM4,AM45tAM5vAAvAN)

DIMENSION AA(895 ,AN (5)
tim 1= 0
AM2=0.
AM3=0e
AM35=0*
A M4= 0.

AM45=0*

DO 10 1=1,5
1.0 AN(I)O0.

AM1=AMI4A1 (K)
AM2=AM24-A2 (K)
.AM3=AM3 -+-A3(K) ---_AM35=AM35+A35(K)
AM4=AM4+A4(K)
A M45=A M4 5+A45(IK )_
Vw15=AM5+A5 (K)
DO 80 L=195

80-A-N(L ) =AN( -L) +AA( KL) - -----
90 CONTINUE

SAMPL=FLOAT( I'SAMPL)
- AMI.=AM3,/SAMPL
AM2=AM2 /SA MPL
'AM3=AM3/SAMPL
AM35=AM35/SAMPL
AM4=AM4/SAMPL
AM45=AM45/StIMPL
AM5=AM5I -SAMPL
Or) 85 1=1,,5

85 AN(L)=AN(L)/SAMPL
,RET~URN
END
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SUBROUTINE PICK (ANPPEAKNPK)
C- --- --- ----

C PICK UP DIFFERNECE BETWEEN SUCESSIVE RISE AND FALL
C. A 1- '4PUT ARRAY FROM WHICH RISE AND FALL ARE TOl BE FOUND

C PEAK -ARRAY TO STORE THE RESULT OF (PEAK(I)-TROUGH(I-1))
C NPK -- NUMBER OF VALUE FOUND
C_

DIMENSION Af1),PEAKUl)
PEAK (11=A( 1)
IFLAG=l _

IF(A(1).GT.A(2)) IFLAG=0
1PK=2

IF(IFLAGoLTol) GO TO 60
C PEAK TESTING

S- ItA(I).T~A~~iA GOTO 100 __ _

PEAK (IPK)=A ( 1)
PEAK(IPK-1)=ABS(PEAK(IPK)-PEAK([PK-1))
IPFK I P K +1
I F .L4 G=O
GO TO 100

C __TROUGH TEST ING
60 IF(A(I)*GT*A(I41)) GO TO 100

PEAK(IPK)=AI I)
PEAK(IPK-1)=ABS(PEAK(IPK)-PEAK(IPK-1)I
IPK=IPK+l
IF LA G~

100 CONTINUE_
NPK= IPK-2
RETURN
-END

SUBROUTINE PICKM (At--PqPEAKqMPK)

C PICK UP THE DIFFERENCES BETWEEN SUCESSIVE MAXIMUM RISE AND
C MINIMUN FALL ( 2ND METHOD OF PICKING)

C A -- INPUT ARRAY FROM WHICH RISE AND FALL ARE TO BE PICKED
C NP -- NUMBER OF POINTS OF INPUT ARRAY A
C. --PEAK -- ARRAY - U -S -E_-TO HOL THE J~S AL -01,FFRNE .

C MPK -- NUMBER OF RISE AND FALL DIFFERNENCE FOUND
C

DIMENSION Ki).
AMAX=0*
AMIN=Oo

IF(A(1)*LTo0.) IFLAG=0
IPK=1
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00 10 11NP-
IF(IFLAG.EQ*0) GO TO 40
IF(A(I)oGT.AMAX) AMAX=A{1)
IF MCI+1 ).,LT*Op. GO TO_50----
GO TO 100

50 IFLAG=O
_PEAK(I IPK)= ABS(AMAX.-AM N-)
IPK=IPK+1
AMIN=1*0

GOTO 1010.
40 IF(A(I)oLT.AMIN ) AMIN=Af 1)

IF(A(1+l)oGTo0.) GO TO 70
GO TO 100

T0 IFLAG=l
PEAK C IPK) ABS C AMAX-AMIN)

AMAX=-1.00
100 CONTINUE

MFK=IPK-1
RETURN
END

SUBROUTINE PICKC (NPTYPMA8XPMINLPEAI(,MTROG)
C
C TO PICK UP PEAKS AND TROUGHS FROM A PROCESS
c Y -- INPUT PROCESS FROM WHICH PEAKS AND TROUGHS ARE TOi BE

-CNFON

C -P NO OF INPUT POINTS OF Y
C PMAX -- ARRAY USE TO HOLD SUCESSIVE PEAKSVALUE
_C-__ PMIN - ARRAY USE TO_ HOLD SUCESSIVE T.ROUGH VAL_.UES.
C LPEAK -- NUMBER OF PEAKS FOUND
C MTROG -- NUMBER CF TROUGHS FCUND
C

DIMENSION Y(1)tPMAX(1)vPMIN(1).-

1=1

100 IF((1+1)oGE.NPT) GO TO 30
?5IF(Y(I)*GToYAJ+lfl GO TO I1-3

20 IF(Y(I)*GT*Y(1+1)) GO To 15
35 IF(I.GE.NPT) GO TO 100
14 1=1+1 .

GO TO 20
15 PMAX(L)=Y(I1)

L= =L+1
GO To 100

13 IF(Y(1).LE*Y(I'1)) GO TO 16
-33. IF(11 G -ENPT).GO TO 100
18 1=1+1

GO TO 13
16 PMIN(M)=Y( I

M ýM+1
GO TO 100

30LPEAK=L-1
MTROG=M-1
RETURN
END
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SUBROUTINE AREA (SYNPT#FU,FL)
DIMENSION S(1)
COMMON ANoRML

C
C ANORML -- AREA OF THE SPECTRUM.

C FU -- UPPER CUTOFF FREQUENCY IN HERTZ
C FL -LOWER I t

C
ANORML=1 .0
P 12=2.0*3. 141593
WUP=PI 2*FU
WLR=PI 2*FL
DW=WUP/FLOAT( NPT)
NUMP=INT (WLR/DW)
IF(NUMP.EQ.0) NUMP=1
DO 45 1=lNPT

45 S(I)=O.
DO 48 I=NUMPNPT
WI=FLOAT (I )*DW
CALL FUNSPT tSPWI)

48 S(I)=SP
C USE SIMPSN RULE TO COMPUTE THE AR-EA UNDER THE CURVE.

NPP=NPT
IF(NPP/2*2.EQ.NPP) NPP=NPP-1
CALL SIMPSN (S,NPPDWSAREA)
ANORML=S AREA
WRITE(6v60) SAREAFU,FLWUPWLR,(S( 114=1,128)

60 FfJRMAT(1OX,'AREA=',E14.7,5X,4(4XF6.4.)/8( 2XF8..4i)
RETURN
END

SUBROUTINE SIMPSNI(AFNPTDSTEPSIMP)
DI1MENS ION AF (1l) -..- .

C KNPT -- NO* CF POINTS FOR INTEGRATION (MUST BE ODD 410.
--$- PIP -~RSLTI}AEA,...OENTEG-RATAO

NP=(NPT-1)/2
-- MN=N P-i .-- -

EVEN=0.
END=AF (1 )'AF( NPT)
DO 10 I=1,NP

10 ODD-ODD*AF(2*I)

20 EVEN=EVEN4AF(2*1+11
SIMP=(4.O*ODD+2. 0*EVEN+ENn)*DSTEP/3o0
-,RETURN --.
END
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SUBROUTINE CROSS (STOEVPMAXPMINLLL, MMMVZERJ,)RAT IC)
DIMENSION COlUNT(51),PMAX(1),PM[N(1)
INTEGER COUNTSIGN

C
C- TO -FI -ND CROS SINGS OF A PROCESS (INCLUDES +VE- AND- -yVE SLOP-S)1
C, WE START CROSSINGS FROM THE FIRST TROUGH
C.
C STDEV -- STAND ARD DEVI AT ION OF THE PROCESS
C PMAX -- PEAK VALUE ARRAY OF THE PROCESS
C PMIN -- TROUGH VALUE tRRt.Y OF THE PROCESS

I- C LLL - NO O -F- PEAK'S
C MMM -- NO OF TROUGHS
C VZERO -- ZERO CROSSINGS
C RATIO -- SET TO .1 IF C-ROSSINGS FOR THE WHOLE PERIOD-OFTHE
C PROCESS IS TO BE FOUND
Cl SET TO 3600/PERIOD IF CROSSINGS/HOUR [S Tl BE

-C. FOJNQD
KL4l
STDE V5=STDEV/5. 0

DO4 -,IL,=l51-
4 COUNT(I)=O

100 XXX=PMIN(KL)/STnEV5
YYY=PMAX (KL )/STDEV-5
tI!=X XX
I1=1 1+26
IF(PM[N(KL)*LE*Ook GO TO 11

15 11=11+1
11 KK=YYY

KK=KK+26
IF(PMAX(KL).GT.O) GO TO 14

12 KK=KK-1
14 IF(K -K*LE*51) GO TO 28
33 KK=51
28 IF(II) 31,31,22
31 [1=1
22 IF(II.GTo51) GO TO 38
20 COUNT( I I)=COUNT (11) +1
38 11=11+1

IF(II.LE.KK) GO TOl 20
25 XXX=PMIN(KL+1)/STOEV5

YYY=PM AX(KL) /STDEV5
IJ=XXX
Ij=Ij+26
!F(PMIN(KL+1).LE.OoO) GO TO 21

45 IJ=IJ+l
21 KJ=YYY

KJ=KJ+26
IF(PMAX(KL).GT*O.0) GO TO 75

74 KJ=KJ-l
ý75 (F(KJ-51) 65,65,70
70 KJ=51
65 !F(IJ) 60,60,90
60 IJ1l
90 IF(IJ.GT*51) GO TO 82
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80_ COUNT(IJ)=COUNT(IJl)- ..
82 IJ=IJ+l

IF(IJ.LE.KJ) GO TO 80
_72 KL=KL+1 +1.

IF(KL-MMM) 100,40C,400
400 WRITE(6,500)
500 _FORMAT ( 1Hl, 5X_,IXNUIPBEROF_TOTAL___PO$OSSINGS AT DIFFERENT LEVEL OF I

IW' SIGMA," /6X,*INCLUDES CROSSINGS WITH BOTH 4VE AND -VE SLOP'//
2 6X,'StMULATED RESULT'//)

...1 7 7 . Z 1 = :- 5 , O ... . .. . . ...-. . . . .... . .. . . . .. . . . . . .. .. . . . . . ..

DO 66 I1=,51
COUNT(I)=IFIX(FLCAT(COUNT(I))*RATIO)
WR.ITE(6,60 0)__ ZZI, CCUNT_ ) T(-..... ..
ZI=Zl+.2

66 CONTINUE
. .. .. Z _E R 0 = C O U_N T .f 2 6 | .. . . . . .. . . . . . .. . . . . .• . .... ... .. .... .. . . ..

600 FORMAT(SXF/+,, SIGMA=-tI6t2X,*CROSSINGSt)
RETURN

r SUBROUTINE SIMULT

C PURPOSE
C PERFORMS SIMULATION OF RANDOM SAMPLE FUN:TION BY THE USE
C OF FAST FOURIER TRANSFORM_METHOD

C USAGE
C CALL SIMULT !(AtNNPT__,NPT2, NPT4,UWL ,IXMItNSI GN,-S.,INVL) ..
C-

C DESCRIPTION OF PARAMETERS
C A -- A JS THEOUTPUTSAMPLE FUNCTION [N TIMEDOMA!N .
r IT IS A ONE-DIMENSION ARRAY
C N -- N IS THE NUMBER OF SUBDIVISIONS OF A GIVEN SPECTRUM
C SS(__,ANNMUSTBE A _IUMBER OF E WERA' F .
C THAT IS N=2**?P ,M IS A POSITIVE INTEGER
C NPT -- NPT IS THE NUMBER OF POINTS OF THE OUTPUT SAMPLE
C FUNCTIOI SPECIFIED AS INPU.T.,NPT=-2_,*MJI WITH ...
C 2*N EQUAL TO OR LESS THAN NPT
C NPT2 -- NPT2 IS AN INTEGER INPUT EQUAL T3 2*NPT
C NPT4 -- NPT4 IS EQUAL TO DNE-FURTH___ NT _AND MUST
C BE SPECIFIED AS INPUT
C FU -- FU IS THE UPPER BOUND FREQUENCY 1I HERTZ OF THE
C__ .. ...... G- GIVEN SP ECTRUM_ SS ( W- _,MU S T_ B E _ SPE CI F IED
C FL -- FL IS THE LOWER BOUND FREQUENCY 14 HERTZ OF THE
C GIVEN SPECTRUM SS(W) ,MUST BE SPECIFIED
C IX -- AN ODD INTEGER IN PUT LESS THAN 9.DIGITSSY -CHANGING
C IX,WE WILL GET A DIFFERENT SAMPLE FUNCTION FOR A
C GIVEN N

_C Ml -- AN POSITIVE INTEGER INPUT SUCH THAT NPT=2**M1
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C NSIGN -- AN OPTION PARAMETER
C 0 USE WHITE NOISE SPECTRUM PROVIDE BY THE
C. SUBROUTINE SIMULT WITH FREQUENCY DOMAIN WU TO
SWL TO SIMULATE THE SAMPLE FUNCTION,AND THE
C SAPPLE FUNCTION IS NORMALIZED WITH MEAN=O AND
.C STANDARD DEVIATION=l

S[ USER WILL HAVE TO PROVIDE SPECTRUM- SS(W' FOR-
C, SUBROUTINE FUNSPT AND THE SAMPLE FUNCTION
C SIMULATED IS NOT NORMALIZED BUT.THE MEAN IS
C STILL ZEpO
C
r ... REMARK S

M THIS SUBROUTINE WILL GIVE A UP TO 2**Ml POINTS
C WITH Ml MUST NOT BE LESS THAN 3 OR GREATER THAN 20C
C SUBROIUTINES AND FUNCTIONS REQUIRED
C HARM RANDUFUNSPT
C

C METHOD
C N

.C F(T)= SUM SQRT(2.0*-SS(bW(Kf*EXP( I*PHI(K))*EXP(I*W(K)*T)
C K=I
C
C I= IMAGINARY NUMBER T=TIME PHI =RA4DOM PHASE ANGLE
C AND

-C- A(T)=SQRT((WU-WL)I/NJ*REAL(F(T)-
C
C FOR N SUBDIVISIONS OF SPECTRUM, FFT ONLY GIVE N POINTS OF
C TIME HISTORY, THAT IS CNE COMPLETE PERIODTHEREFORE THE____,__
C RESOLUTION OF THE PROCESS IS BAD. TO IMPROVE THE RESOLUTION
C WE HAVE TO ADD SS(W(K)U=O K=N+2,...,NPT AFTER SS(WUI
C THE TIME -INCREMENT DTIME S 10E..
C DTIME=I.O/W(NPT) W=FREQUENCY
C NOTE: SS(W) HAS PRESCRIBED VALUE ONLY UP TO N POINTS
C IF PHI _-ARE FIXED UP TO K=N, THE SAMPLE FUNCTION
C WILL BE THE SAME, THE ONLY THING CHANGES IS DTIME
C THEREFORE WHEN WE INCREASE NPT WE DECREASE DTIME.
C--- ApSANDINV I H1IAVE TO BE DIMENSIONED IN TME -MAIN_
C PROGRAM ACCORDINGLY.
C

C

SUBROUTINE SIMULT(AgNNPTFUFLIXMliNSIGNINVS)
DIMENSION A(l),M(31, INV(l).S(1)
PI=3.e41593
NL=256

C
C CONVERT HERTZS -INTO RADIANS

SWU=FU*2.O*P.
WL=FL *2 O0*P I
DW=WU/FL OAT (N)
NUMP=INT(WLIDW)
WL=DW*NUMP
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IF(NUMPEQ.O) NUMP=1
--S-QROO -T=SQRT( -2. 0*WU/C(W-L*LT(f_
MC 1)=Ml
MC 2)=o

IFSET=1
DO 5 I=lNUMP
A( 1*2-1 1=0.0
AC 1*21=0.0

5 CONTINUE
NN=N 42
Db 1-O 10- I NN,-9N .PT
AC 2*1-i1)=0.0
A(2*1 1=0. __ _____o~.~

- 10T CONTINUE -_ _ _

IFCNSIGN*EQ~i1 G0 TO 40
C
C TO GENERATE RANDOM -PHA SE AN-GLES -P-HI-

DO 30 I=NUMP__tN ~ - -_ --

CALL RAD IX I YYFL)
IX=IY
PHI=2*0*PI*YFL
A 2*I1)CSHI
A( 2*I+2)=SIN(PHI)

-30 CONTINUE_
GO TO 6 0_________

40 DQ--50 J=UMP~~ __ .

W1=FLDAT(J J*DW
CALL FUNSPT (SPW1)

-- -C ALL --RAND)U--JIX.,Il,LYFI) . .------- ----

I X=IY
PHI =2. O*PI*Y FL

AC 2J. SIQRT12±,0*SP) *COS IPHI)L . .
AC 2*Jt21=SQRT(2.O*SP)*SIN(PHI)

50 CONTINUE
C
C START SIMULATING SAMPLE FUNCTIO~N FOR A GIVEN SET OF PHI

IF(NSIGN.EQ.11 GO TO 80

C___ A MP LE1JJOIITIWF RO -Q 14AL ft-WIT-E. NI-SiE
C

DO 7O 1=1,NPT
A ( -) A ( 2*I 1 *QRf

70 CONTINUE
GO TO 100

C _____ _ _

C SAMPLE FUNCTIO-N FROM A SPECIFIED SS(WI
r

80 Dn 90 I=I,NPT
Afl =A(2*1-1 )*SQRT(DW)

90 CONTINUE

END 
-- ---
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SUBROUTINE FUNSPT (SPWI)

C SS(W)=... IS A FUNCTION STATEMENT N1NEXECUTABLE AND MUST BE
C SUPPLIED BY THE USER. SS(W) IS THE SPECTRAL DENSITY FUNCTION
C

COMMON ANORML
SS(W)=P12*PHIO/(.oO+(PI2*w/FB)**A)/AN9RML
P12=1./( 2o 3.141 593)
PHIO=30
FB=,,0 31
A•2.6
SP=SS(WI)
RETURN
END

SUBROUTINE PLOT (NPTH,FUN,FACT,NSTEP)
C
C NPT.----No, OF POINTS-TO BE PLOTTED
C FUN----FUNCTION TO BE PLOTTED
C H T....-TIME INTERVAL (TO 2 DECIMAL PLACES)C REMARK: TITLE AND DIMENSION OF FUNCTION HAVE TO BE PRINTED OUT BEFORE
C CALLING PLOT
C REMARK: IF FACT=O.,THEN SCALE FACTOR [S COMPUTED BASED ON.THE GIVENC FUNCTION,OTHERWISE SCALE FACTOR=FACT
C

- ., D IMENSION -AL._INE,(12o),•FUN( NPT IDAS(120),,SCALE(11
DATA DASH/'-'/tSTAR/'1*/,BARi. I 'I/BLANK/I' -I--C

C DETERMINE THE SCALE FACTOR

IF(FACT.EQ.O.) GO T9 30
FACTOR=FAC T
Go To 80

30 AMAX=1.OE-70
___00 040 I=INPTINSTEP
IF.. F S(FUN(I))oGToAMAX) AMAX=ABS(FUfIT))

40 CONTINUE
FACTOR=AMAX/50*0

C START TO PLOT

80 DO 95 1=1,11
95 SCALE( I)=-60.+eO.,*FI.OAT( I)

DO 100 1=1,120
100 DAS(I)=DASH

DOl 105 1=15,115,10
105 OAS( I-=BAR

DO 110 1=10,120
110 ALINE(I)=BLANK

AL INE(65 )=BAR
WRITE(6,200) FACTOR
WRITE(6,302) SCALE
WRITE(6,3O31 (DAS(Il I=l0,120)
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DO 120 I=1,NPTNSTEP
T IME=H*FLOAT(II-1)

AL INEC NP )=STAR
WRITE(6,304) TIME,(ALINEfJ) ,J=lO,120)
AL INE (NP_)B=LANK
IF(NP.EQ*65) AIINE(65)=BAR

120 CONTINUE
_2 0_0 _FORMAT UI, 50 X _SC A LE -FAC TO R'9,. _E,1 3)
302 FIORMAT(1HO,2X,'TIME,95X,5(F4.0,6X),lXi,6(F3.O,7X))
303 FORMAT (IH t8X,114A1)

RE TURN
END

SUBROUTINE P ICKMX(ANPPEAKMPKTROUGNPK)
C-
C PICK UP THE DIFFERENCES BETWEEN SUCESSIVE MAXIMUM RISE AND
C MINIMUN FALL ( 2ND METHOD OF PICKING)
r
C A -- INPUT ARRAY FROM WHICH RISE AND FALL ARE TO BE PICKED
C NP -NUMBER OF POINTS OrF INPUT ARRAY A
Cr, PEAK _ARRAY USE T0 OLP RISE AD FL IFRNE
C MPK -- NUMBER OF RISE AND FALL DIFFERNENCE FOJND

n-- NIO A 1) ,PEAK(l 1LJRUG(j).j
AMAX=Oo
AMIN=O.
IFLAG=l _

IF(A(1)*LT*0.) IFLAG=0
IPKi=1

NST=lI
IF( FLAGoEQ*01 GO TO 20

I F(A(I).LT*Oo0) GO Tfl 15
10 CONTINUE
15__NST -=1..........-

I FLAG=O
20 DO 100 I=NST,NP
-- if(IFLAGo-EQ.90) _GO- TO __40----

IF(0i(I)oGT.AMAX) AMtiX=A(I)
IF(A( 141 )LT*Oo) GD TO 50

-GO TO -10 0
50 IFLAG=0

PEAK( IPK)=AMAX
I.PK= 1IPK_+l .
AMIN=loO
GO TO 100
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40.IF(A(I).LT.AMIN) AMIN=t(I)
IF-(A(141).GT,0.) GO TO 70
GO TO 100

70 IFLAG=l
TRnUG( ITKJ=AMIN
ITK=ITK.1
_A.MAX7j_, 0_

100 CONTINUE
MPK= IPK-I.
,NPK,=ITK-1 ----

R ETU RN
END

.SUBROUTINE STATIS -_(A, NP, STD, RMS)
DIMENSION A(ll)

C
C TO FIND THE STANDARD DEVIATION AND RMS VALUES OF A PROCESS
C

4S=O.
AS2=O.
DO 10 1=l,NP
AS=AS+A( I)
AS2=AS2+A% I )*A( I)

10 CONTINUE
AS=AS/FL OAT (NP)
AS2=AS2/FLCAT(NP)
STD=SQRT (As2-AS*AS)
RMS=SQRT(AS2)
RETURN
END

PROUJTLN E_ _RANDU.(. IXjU,V4YFL.V-
1Y=IX*65539
IF( IV) 5 , 6 t 6

__ _Y_=IY+2147_433647*-1
6 YFL=[Y

V FL=YF L*0 .465 6613 0-9
_E TUR N -

E NP
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SUBPCUTINE HtAR?~fA,~INVSu1FSET, IFERRiNPT2,NPT4)
DIMENSICN A(NPT2),It'V(NPT4bS5(NPT4 ),N(3),?M(2-)tNF(3),W(2),W2(2),
lW3 (2 )
EQUIVALENCE ( l9N (1)), (N2tN(2)), (hN qN3))

10 1F( IABS(IFSET) - 1) S0C,00,912
12 MTT=?'AXO(M(1),M(2),M(3)) -2

RCOT? = SCRT(2.)
IF (PI~T-MT ) 14914,13

13 IFERR=1
RETURN

14 IFERR=0
M 1=1W' (1I)
S2= M (2)

N 1= 2 * * I
N2=24**2
N3=2**M3

16 IF(IFSET) 18,18,20
18 NX= Kl*N2*N3

FN = NX
DO 1S I =1,NX

A(2*I-1) =A(241-1)/FN

19 A(2*1) = -A(2*I)/FN
20 NP(1)=Nl*2

NP(2)= NP(1)*N2
NP(3)=NP( 2)*N3
DO 250 10=1,3
IL = KP(3)-NP(ID)
ILl = IL+l
MI = WeI)
IF (tPI)25C,250,30

30 IDIF=rP(I1)
KBIT=NP(IIC)
MEV = 2*(lMI/2)
IF (PIJ - EV )60t60,40

40 KBIT=KBIT/2
KL=KB IT-2
DC 50 I=I,IL1,ICIF
KLAiST=KL4 I
DO 50 I(=IIKLAST,2
KD=K+KB IT
T=A (KC)

A(K )=At(K )4T
T=A (KE+l )
A (KC+l )=A (K+1 )-I

50 AtK+1)=A.(K+1)-.T
IF 04TI - 1)250,25C,52

52 IFIRSI =3
JLAST=l
GO TO 70

60 IFI.RST = 2
JLAST=O
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70 DO 240 L=LFIRST,M~I92
JJ)I F=K2 IT
KBI 1=KBIT/4
KL=KBIT-2
DO 80 I=l,ILltICIF
KLAST=1 +KL
DO 80 K1I,KLAST,2

K 1 K I+ K B I T

K3=K2+K8 IT
T=A(K2)
A(K2)=A(K )-T
A (K )=A (K) +T
T=A(K2-.1)
A(K2+1)=A (K+L )-T
A (K+1)=A (K+1)+T
T=A (K3)
A(K3)=A (Kl1)-T
A (K1) = A(K1) +T
T=A (K3+1 )
A(K3+1 )=A(K1+1 )-T
A (Kl 1I1) =4 (Kl-i ) +T
T=A (K 1)
A (K1)=A (K )-T
A(K)=A( K) +T
T=4 (K 1+ 1)
A(K1+1)=A (KUl )-T

R=-A (K 3+ 1)
T =A (K3)
A (K3 )=A (K2 )-R
A WK2 )=A (K2 )+R
A(K3+1)=A (K2+1)-T

80 A(K2a1)=A (K2+1).T
IF (JLAST) 235,235vE2

R2 JJ=JJDIF +1
ILASI= IL +jJ
DO E5 I = JJ,ILASTIDIF
KLAST = KL4-I
DO E5 K= IKLAST #2
K(1 K+KEIT
K2 KI+KBIT
K3 K2+KPIT
R =-A(K2+1)
T =A W2 )
A(K2) A(K-R
A(K) *= (K)+R
A(K2+1)=A (K'i)--T
A(K+1 )=A(KU1) T
AiNR=AiKl)-A(Kl+l)
AWI A(91+1)+A(Kl)
R=-A(K3)-A(K3+1)
T=A (K3 )-A~(K3+1)
A (K 3) =( AP-R) /RECC2
A (13+1) =(tiw 1-T )/RCOT2
A (Ki )=( Ak.PiR) /RCOT2
A (K1+1 )=( AWIfT )/RCOT2
T= A(Kl)
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A Kl )=A (K )-T

T=A(K I+ I)
A (K 1+1) =,(K+l )-T
A(K,1)=A(K+1)+T
R=-A(K3*1)
T=A (K3)
A(K3)=h (K2)-R
A(K2)=A(K2)+R
A (K 3+1) =A (K2+1 )-T

E5 A(K241)-=A(K2+1)+T
IF(JL.AST-1) 235,235,90

90 JJ= Ji1 + JJDIF
Do 230 J=2,JLAST

S6 I=INV(J4l)
98 IC=NT-I

W(l)=S( IC)
W(2 )=S(I)
12=2*1
1 2C=NT- 12
IF( 12C) 120#110,t100

100 W42(1 )=S( I2C)
1d2(2)=S( 12)
GO TO 130

110 W2(1)=O.
W2( 2)=1.
GO TC 130

120 12CC *= I2C+NT
12C=-12C
W'2( 1)=-S (12C)
W2(2)=S( 12CC)

130 13=1+12
13C=N7-13
IF( I3C) 16C,150#140

140 W3(1)=S(13C)
W3( 2)=S(13)
GO TO 200

15C W3(1)0O.
W3(2)=1.
GO TO 200

160 I3CC=13C4NT
IF( 13 CC )lgCtl80 ,170

170 13C=-13C
W3M 1)=-S( 13C)
W3(2)=S( 13CC)
GO 10 200

lE0 W3(1)=-1.
W3( 2)0.
GO TO 20C

150l I3CCC=N 1+ 3CC
13CC =-13CC

W3(2)=-S (13CC)
200 ILAST=1L4JJ
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DO 220 I=JJT LAST, IDIF
KLhAZ1=KL. I
DO 220 R=IKLAST,2
Kl=K+KBIT
K2=KT+KBIT
K3=K24KP Ii

T=A(K2)*w2(2)4A (K2+1)*62 (l)
A (K 2)=A (K )-R
A (K )=A(K) FR
A (K2F )=A (K-1 )-T
A (K+1 )=A( (K.-) +T
R=A (K 3) * ý3( 1)-A (K<34*1) *3(2)
T=A{K3)*lN3(2)4t(K34j)*ý-3(1)
AWjR=A(Ki )*W(1V-AC (141 )*1(2)
AWI=A(Kl)*W(2)+A(Kl+1)*ý(1)
A(K3)=AýR-R
A(K3+1)=AW I-T

A(Kl.)=AVI+T

T=A(Kl)
A(Ki )=A(K )-T
A (K) = A(K) 4T
T=A (K 1+1)
A(Kl.1)=A'(K+1 )-T
A (K+ 1 )=A ( K+l) +T
R=-A (1(3+1)
T=A(K3)
A (K3 )=A(K2)-R
A (K 2)=A (K 2)+R
A(K3+1 )=A (K2'-1)--T

220 A(K2.1)=A(K2-.1)-,T
230 JJ=JJCIF4jj
235 JLASI=4*J1AS1.3
240 CONTINUE
250 CCNTINUE

N7SC=KT*Nl
M3MT=P'3-IPT

350 IF(M3V'T) 370,36Ct360
360 IG03=1

N3VNT=N 3/!d
MT N N3=NT
GO TC 380

370 1G03=2
N3VNT=l
NTVN3=NTIN3
MINN3=N3

380 JJD3 = N1'SQ/N3
M2MT=M2-MT

450 IF (M2MT )470,46C,460
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460 I602=1
N2VINT=N2/NT
MINN2=NT
GO TC 480

470 1602 = 2
N2VNT=l
NTVN2=NT/N2
M 1NN2=N2

480 JJD2=NISC/N2
MlMT=tM1-MT

550 IF(MIMT)570,56C,560
560 1601=1

NIVNT=Nl/NT
MINN1=NT
GO TC 52C

570 1601=2
NlVNT1l
NTVNI=NT/Nl
MINNL=Nl

580 JJD1=KTSC/N1
600 JJ3=1

J=l
DC 880 JPP3=1,N3VNT
IPP3=INV( JJ3)
DO 870 JP3=lMTNN3
GO iT (6lCv620),IC-03

610 IP3=IN'V(JP3)*N3VNI
GO Tf 630

620 IP3=INIJ(JP3)/NT'JN3
630 13=(IFP3+IP3)*N2
700 JJ2=1

DO 870 JPP2=lN2VNT
IPP2=INV(JJ2) +13
DC 860 JP2=1,tMINN2
GO TO (71C,720)91CC2

710 IP2=INV(JP2)*N2'VNT
GO TE 730

720 1P2=INV(JF2)/NT\IN2
730 12=(IPP2+IP2)*Nl
800 JJI=1

Do 86C JPPi=1,N1liNT
IPP1=IN\V(JJ1)+12
0O 85C JP1=1,MIfNN1
GO TO (E1C#820bICO1

810 1P1=IrKV(JP1)*N1VNT
GO TO 820

820 1P1=IN'J{JF1J/NT'JN1
830 I=2,*(IPP1+IP1)+l

IF (J-1) E40,E5C,E50
840 T=A(I)

.(1 )=A(J)
AU )=T
T=4(1+1)
Atl~l )=A( J+l)
~A(IJ.1 )=T

850 J=J+2
860 JJ1=JJI+JJD1
870 JJ2=JUJ2+JJD2
880 JJ3 =JJ34JJD3
8S0 IFElIF SET) 891 895VE95
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83S1 00 8G2 1 = ,NX
8S2 A(2*I) = -A(2*1)
895 RETURN
9OC MT= MAYO0(M (1)bM(2),9M(3)) -2

MT POAXO(2,'IT)
904 IF (?FT-18) 906,SO6,13
906 IFERP=0

N1= 2 * *MT
NTV2=NT/2

910 THEIA=.7853981E34
JSTEP=NT
JDI F=KNT'2
S (JDIF)=S IN(TIFETA)
DO S50 L=2,MT
THE TA=THETA/2.
J STEF2=JSTEP
JSTEP=JDIF
JDIF=JSTEP/2
S(JDIF)=SIN(THETA)
JC1=NT-JCIF
S(JC1 )=COS( THETA)
JLAST=NI-JSTEP2
IF(LAST - JSTEP) S50tS2C9920

920 DO S40 J=JSTEP,JLASTJSTEP
JC=NT-J
J l)=J +J I F

940 S(JD)=S(J)4'S(JC1)+S(JDlF )*S(JC)
950 CGNTINUE
960 MTLEXP=NTV~2

LM1EXP=l
INV( 1)=0
DO S8o L=1,MT
INV(L?'1EXF.-1) = IATLEXP
DO S70 J=2pLMIEXP
JJ=J+LPlEXP

970 I NV( JJ)=INV(J )*ITLEXP
t4TLEXP=?'TLEXP/2

980 LP1EXP=L~lEXP*2
982 IF(IFSET )12,895,12

END
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APPENDIX B

//FýT.SYSIN DO rPDCB3=PLKSI7F=3Yt3
C W-Ll
C. S=NSTT!VITY STJDY IS AVATLABLF

C TAB.FF LOADS (C3MP3SIr OR SI'4,3L=E 3AUSSI A\Jl AýF ý.VAIL.A3L:_
DIMENS ION A.A(10) ,AAA(l10) RAB(10 )
DIMENSION 4(1501),P(1501l,H(1501), TH(1511),'J(1501)

DIMENSION DIJMY(I5011,TP(501) ,P(50,PS(5)).,RK(53))CIJ(50),0IJ(50)
DIMENSION ^ZMP(3) SG7S(3)tVX(3),,AN(3),UP:(3),.SB(3I
DIMENSION AAAA(15)

~~ ~ ~~ ME A .!V AL IFS ~~''
C ý ` RA:TURE DATA I' t

DKTH=1.*5
EFD= 10.0

K2ý=60. 0
1ý~ A z . I NI TI AL C R AC< D AT A V,~':~!i~I

AO=O. 04
_ALPHA=-_ 4Q
BET A =3 0000. 0

C LOA) DATA
C C43 (1.0=COMP)SIT Gý.JSSI~qt 0.1=SINýLF 3J4E),

CMP( 2) =1.()
rmp (3 1=1 .0

C U) ^ (1.0=LJPPER CUT SINGLE GAJSSI AN, ).0=C3M3LETE ONE1

IIPC (2) =' .R)
UP'.( 3 =.I. 0

C E..=UPPFR CUT LEVEL (EL,"X31

G= 10.0
AA(4)= 115.0)
AAA(41 =115.0

BAB(4) =3.0
C AN4(II NJMBER OF LOAD CYCLES PER HOUR

2 1~ = 6DO Q -
A\1( 31=60.0
AN.A=n. 5
PP (11=0.4975

PP( 31=0.5
C. SZ STANDARD DEVIATION OF COMPOSITE GAUSS IM

"$3^ 1=0.O7ýhG
sVzr t 1=o j Reýr.
SSC (3) =0.I ý,G,

C S;S STANDOARD nEVIATI-NS (SIN3L= SAUSSI AN)

SGS( 311=1 .54ý(

XD)=1 .3*G
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C 4t t IM AT ERPIAL T)AT A ~ ~ ~ '':9
VO=0.056
AmJ 0= 5 .7,-('
P,0= 5 . 7 f S

FSF=l1. 0
7FTA=0 .43
AS= 7.0

C TT TOTAL FLIG-IT HOUR _

TT= 15000 .0
SINSOPFCT13N DATA 'Tf

Al = 0. 02
A2= 0.3
RM=O.125
0=1 9 0

-C-NŽL.XM.A-.. LJŽ ~-___ ____

C TTI (NN+1 ) MUST BF TAJrEGR
C, (TT/('4N41) )/(TT/(NPT-11) MUST BE INTEGER

P1I= 3. 14159
C NPT BASIC flATA POI\JTS
r Eý'ZH DIMENSION SIZE 0)( Hr~~f4)is RE G.E . \ P T

~. M UST -R A2F IHN Tf Ps
NPT=1501

C N31 DATA POINTS UND=P NO INSPECTION CASE
C ECH DIME'4SION SIZE JF(TP P,PSPK,CI.JOIJJMJST BE G.E. UJl AMD (N'44+11

C, (TT/Nil I/P TT/(NPT-11 ) MUST REF INTECER
NnI=3o

~~~~~ FL E ET S I ZE 4''::4, t

C St)J4 PROGRAM FOR SENITIVITY STJO~y
RENT) I 5',501I XYYZI.YZ7,YU3

5)1 F-0Rkl.AT(4 F 1.0.0)
WRITE (6, 650) XY,Y71I,VZ 2tYZ3

65) FORMATUH I- ///~ XY, YZ 1,Y72,YZ 31,4E5.7)
L1 ~I .-- O 322 __ _ _ _ _ _ _ _ _ _ _ _

IFXY.ED).1.O) EE=YZI
IF(XY. EQ.2.0 )DKTH=YZl
I XY. EO. 1- ) Ec )=Y71

If(XV.EOQ.5. 0) A) =Y Zl
IF(XV.EQ.6.0) AN1= YZ I
IF (XV. EO.7. 0) Al 6=YZ 1

________A E. -Rý LY AIA A~NM=Y71_____________________________
I =( XV.E3 .9. 0) VO=YZI
I F (XY. EQ .1 . 0) ZETA=YZ 1
IF(XV.EQ.11.01 AS=YZI
I L±E~D-0- C =TF~IIX IY 711
IF(XV.NE.13.O) C.O TO 721
P PI I. =Y7 1
P (2 ) Y 7 2

____P (31 =Y73
7?1 CONTINUE

IF(XY.NE.14.O) r) Ti 722
S77C ( I) =YzI
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2'f 2) =Y 72
S' (3) =Y73

7P? CONT INIUF
I F( XY. NE*15 .0) GO Tr) 723

-----. ~ ------ ---- ---- ------

SSlC( 1)=0.071;,G
S,,C (2) =0. I8"G
S Gý: 3=0 . 11G

4~4Ui0=5 .7:0'r
7?3 CnNITINUF

AM4JO=Y 7!
PcO=Y71

7? r' T IJ\INUP

I F(XY. E Q.18 .0) RETA=Y71
IF(X Y .ED .19 .0) FSF=Y71
TF(XY.EQ.23.0) FRE=YZl

R(~ 2 XEf..2I0lE.AA (4) =YZ1
IF( XY. E) o21 .0) NNA(4)=YZI
!F(XV.FO.2?.O) AAAA(4,) =Y7J
IF(XY.FO.23.0) 7R'=Y71

S-10s (I) =-YZL
SGS(2)=YZ2

S%( 3 )=YZ73
-1 Z5_ LUIJE_____-______ ____ ______

IF(XY.NE.25.0) 3) T) 726
CMP(l) =yZI
ýMP(2) =YZ2

7ý?ý CONITINIJ
I-f('XV. EQ .?6. 0) Al=YZI
IF(XY.EQ.27.0) A,2=YZI

IF:(XY.EQ.29.n) [I=Y7.
IF (XY. EQ.30 . 0) \JJ= YZL
IF(XY.NF.31.0) G 0 T C 72 7

(UPC (21=YZ2
Ujp" ( 3) =Y71

7?7 Q4'JT 14UF

C SJ3 PRDGPýM FOR SENSITIVITY STtJPv ~EN D

JKL =0

I F C M P I F1 .1 . 0) S3 1) iA A 183 EI AB (I B E Si&GLCA K I k4'Q

IF(CMP(2) Eý 0.0) SW(?=AAMIBE) *;(~3

IF(CMP(3).F-O.0.0) SR(3)=AAAý(TFRF) tSGS(3)P#4KBF
-= ____
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DT =TTf/FLlA T (f\P T-t

ANS =P P ( IAN ( I+ P P2 )IAN( 2 +P P(3 A \13)
A A.S =1Y-L FS PEFR -4fOUP,

-C -- $ $-T1-HiFSHflLDf)-40 hJAA1hSALi_____________
TF(EF.EO.2.3 ) FF=2.01
TF( FFD.EO.2.0) FE-F=2.0l

CnS T=.ANTH-F FDOAL Ir;1IN ) KT1I)
C.DS =13 . iOSr
AT-h=( OKT HI( 0f6 NS ~'(I . 0/Fl 2~ ?' 2/Pl

T3 =2. 0/( 2. n-FFn) /CpsfO(E FD/ BF) 'A NS"-((EFD-RE U/BE)

-iET 8/?I/ R T B A T.H 22. FL F__D_0_AO_2 __._0_-_-F____If_2_1

M3 8 1-1. WIT

I F TR. rT. 0. 0 F) T n 4 3
C T\I C.ASE OF ATH.LT.AO

I 1PT/2 .0 t'ýt( EF 12 0
T F(A(I).LT. 0.00011) 371 TO 45
A ( I ) A 1 2*~ 2.0/ (2 .r)- F)

c, 14 CAS O F F 4TH.GT.A0
IF(T.G'T.TP) GO TO) 49

TF(Ai1).LT.0.00001) 31 TO 45
~.AUl1AIU k2,0I A-2 F ED I I

GO TO 48

1 ',(P1/? .0)*$ ,(FF12.9)
IF(A(U.LT.0.00011) 30 TO 45

rD TO 49
4F5 A\(I)=1OOOO.0

TF(APkS(A(1) ) rT.ýS) 3) Tfl 15
8 ON\T INtJ

G GO1 TOn 4 6
--- KK L __ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

00O 60 I= KK, NPT
51 AT i) =AS
4F6 C I\1 T T NIU

TF(ATH.CGT.A'C ) GO TO) 353

TC=TCf/O,'/0iAF /IE)/A\JSAU8F( RýFF M/E )/(:)T/2.0)fP(FF /2.0)
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TC' =TC I-T '
r~r) T9 364

353 TC=2.0/(?.O-EFDP (AC~s*((.3-fF0)f2.D)- 432U?0-EFDI/2.0))

3~~k~~4PT13E~~-R1 83 LLMl)S(,CMP( 2)SR(3i,~P3,B,,N
800 F9PMAT(IH N f~ t 8,E2,8,BBV NS '

IM( E12 49 ' t ", F4.l, t 1 3F-12.4)
WRI TE(6,801. ) ATH,TrB,AC ,TC ,CDSI FS F

C. RESIPUAt. STRENSTH RATE ( FSF=1.D(FAIL SAFE) =0 OfNDl FAIL SAFE I)
fn3 18 I=10~PT
IE{SE0.dL.flE C7 1, T 31 189

P (1I )=PLO AT( K C );-S )RT ( 2 .0/P I/A I1) 1~0
",0 TO 18

Gi TOn 18
119 SW=ArlS((A(I)-AO)/(AS-Al))

R T )=l.0-( 1..O-ZEý-TA)'kS1PT( SW)

C-,
C $$t CAL . IF H$$

n3 115 N4=l, NPT

tMN=P( N)
r)3 116 1=103

VX( T I=SC-,fl T I/Xo__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A'JFTA( I) =GMN4̀AM,'i0/SG,( I)-XO/,SGC(IH
RR ( I )=V044rMN-AMJ)/SG'C( I )
AR0=ANE TA(I) /SOýT(?. 0 )/RP( I

~AR~ll =-AN FTA ( I 1±3 ?12.0'_/~___________
NR;= ANET ( I) -Rk(T I l2) fSDRT (?.3 /RR(11
AR 33= AN ETA ( I )/ Rý( I ) /S ' RT( 2. 0)

ARý 5=- 0. 5 11 ..0/VX ( I 2f-1 Q/V0` ý2)

ARS7=ANETA(I)/SQRT(?.0)/RR(II/SQRT(l.O*RR(T1)A,ý2)
AR 38= 1 .0/S) T( 2.0 )/Sl T( R 0( I ) * ",-2'2-1 .0)

IF( CMP (I I EQ.l1.0) CALL -1CoMf H(N) ARG0,ARG1, ARG,29ARG3 vARG49
IARG5,ARG6,ARG7,AýG8,'P(I) ,ANi 1)
IF{CMP(I.EQ.Q.3) CALL HSIN(H4(N),ARG0,AýGlARG2,AlS3,ARG4,

HWA=HWA4-H(\J)
115 CONTINUE

Hf N ) =HWA
-,----IF ~ (H) UN )h4.

115 CONTINUE
C gli CAI . OF H E4D ~#i#

CALL 0SF(PTHTHNPT)
________ L H 1= Al PHA - I

00O 208 T=1,NPT

T8FTA=T/B3FTA
2M I.~LALP-:ýHAL-ETA*r BE A- '"ALPHIi-,;XP( -T3FTý ',",-ALPHA)

WRI TE( 6,1010)

C*-*kF NEED MORE A &,URA E PJT'.D-O 81) I=1,NPT,8IGGE~l.'-l'*
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DO 80 T-1 NPT q,
T=PLl-[AT( T-hI')
WR!TT(6, 102)) T,rA (1) ,(T ),H( I ),TH(TI),'J( 1)

10?0 FlRMAT(1H ,I4,F8.l,2FIl.4t3Fli3.3)

600 F)RMAT(1.H vINN4l15)
nO 77 I=1,\JPT

77 C9M1TINJVUE

C~:'~~~> ~~ND i\JSPE-TI9\l CASEýF '-

NhN=NnT -1I
TI =TT/FLOAT(P Ni- I)

NNN=N?\I1
D3 In T=19NNN
TTl=TI ;FLOAT (I)

D') ?0 K=1I, IT
T=FL0AT(K-1 )-DT
N\11=1 T*1-K

FX=EFXP(X)
DU~M Y( K ) W( K +W(K) IEYX

?9C)ýTINUtF

X=-TTOAO-1-( TTO/,3 TA) ý ALPHA,
XX= EFX P (X)
PC(II) =- X -011 MY( IT
WRTTF(6,683 ) , TT,TTOI ,Xk ,DUMY(TT ) P( I)

1) C3\ITINUF

C ~ ~ TNSD'ECT!T3N CASF I,

NNN=NN41.
.TI =_.T TiFf A TI INN Fl I..l--

\IDT =T I/fT
ITT=NJOT +1
DI 2000~ J=ItNINNI

___T.T 3=T.1- _-qFL __~
x k ~ P s(J) t."N

,91 200 K<=I I T
T=DTIFLflAT -1

NW=( J-1 i14V+K
X=-(T4-FLO AT (J-1-) 'T I )t410-TH(4 \-IP

FX=EEXP( X)

?00 CONITINUr
CALL 0 SF (PT,fi1WYflUNlY, IT)

.Y~~~.il~~ PLAAJ. JIEA)fiL±A-fL TL ji r IH
EX=EEXP( X)
FY=EFX P{Y)
PS( J) =EX-EV-DIJMY( I T)
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7 S !. P , O T) 210
SO TO 220

21) CONTTNUJF

WPITEt 6v 1009)
10Y) FORMAT(1H ,3Xtl,'TJ(T)=§)

JM= i-I

DO 250 K=1,tT
T=) TtFr-LOATV K-1)

- ZZ4=(-1-~0tN-flT(I1)< Ti
C ~T=RM 1 Att,

NA= IT+ 1-K
N-i =N A

X=ZZ-TH( NH)-RKP(<)
EX=EEX PtX)
A X =AN!A)

C TERM 2 *'
FS4= 1.0

09l 3 50 ___ ___ ___AT_ __I

NA=KK('NrlT4-2- K
AX=A (N A)

350 FSM=FSW (1. 0-F (AXvA1,A29RMIU))

X(=ZZ-TH( NH)
EX= EFX PtX)
TE RM?=-F SM!- E X

TPRM3O0.0

IF( II.LT .2 G3 T - 480
nnJ 4flfl KK=7YTT
F SM= l* 0
KKM1=KK-1
DO) 460 M=1,KKM

AX: AtNA)
_____________Al A? R RM U U)_
4; FSM=FSMPE- _______________

Ný =KKk N) T4-? -K
AX=A(\IAI
NH =N A

X= ZZ-T H( NH I RK (N <
FX=EEX PtX)

41) TE:IM3=TERM3-FSMýF (AX,Al,A2,RM,UP'EX
433 ) flMY(I(;(TrPM14-TPR-M74TF113)*W(%iWI
250 CONTINUE

(rALL OSF(DT,DUMY,DIUMY,IT)
01 J (I)=DUmf'(IT)

TOIJ=O .0
0') 490 I=1,JM
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I ( P(J).LT. 1. OF-?01 P ( J) 1. OE-20
2? ) P K( J) P( J +- P(W )'rl 2/2 . I +P J )3/3 .0

30)) 1 rnlT INlJF
WRITFE(6,593)

DO 321 I =1, NNN_
TTO= TI *ELDAT(1I
I F( P ( I )GT .0.0001 ) S3 TO 324

ilP ( T.=FLOlAT (NF)P P( I)-FLOAT (NF )'-Fý..OAT( I F- I I ýP( 1 [4**212.0
S9 TO 325

.A?' I F(DI1)GT .0 .9 GO TO 326

36TP( I 1=1. 0-1 -PT NI

3?5 CONT INUE
WR TTE (6, 599) 1ITTOtP I I tTP( I

_5 )3. FORMALUJ-LI S. F10.1. 2 E15 -5)
37 1 CONT INUE

GO TO 81
32? STOP

SU3 R nUjTlNE f R0ý4', _A`RO IKT, AR2 , AR3 I AR4 14A5
1 AR6,v AR 7, AR8 9 P, AN)

C CNI-. FOR COMPOSITE GAUJSSIAN
___ -=,-.5II-l~ei.ýilO-ERF(NROJ )4EXP(AR1 )$(1.'4ERF(&R2f))

R FTI. RNI
END
stU3RnUTINE -ASI NA ,APO, API ,AR2,AR3, AP!+,Aý5,

C C~. F)OR S I NGLE G AUS S IAN
IF(tUPC,.F0.1.O) ^71 TO 10

C COMPLETE ISINrLE rAUSS IAN
=-. 5-F ALLEIA RA 3 ARP4

1JE"XD (AR54-M 6 1l ( I .O*E A (471
1'O TO 25

C U'3DER -,UT SINGLE GAUJSSTAN
I1.~~5NRLLT-RI i 3l' i (A F R)#A4 ___________

1JfEXP(AR5*AP61ý!(EPF(AR7 -+-ER--(P81TYV
?5 RETURN

t= -5 (). 0
C,=l . OE-2 0

IF(ABS (ARC).LT.l GD AGTYYr
IF(ARG.LT.l) GO0 TO 30
EEXP=EXP (AG -1.3,

5 EE-XP=AR,^
GOý TO 20

1 0 EEXP=ARrG*APGý'APG/2.04-ARGý ARG'ARG/6 .0

30 EEXP=-1.O
?3 CONJTINUE

PE TURN
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END
FUNrTTON F(X,Al ,A2,RMU)
IFo'X.LT.A1) GO THJIO
TF(X.rGT.A2) G9 TO 20

G3 TO 1
L 0 F=0.0

rý9 TO 1

I. CONTTNUE
F=Ui`F
RFrJP,\

FUNC TI ON F S(X)
FS =I .0 -F MX
RET URN

FU4JCTION FEIFMX
TF(ABS(X).tCT.10.) IS 0 T 0 3
X=Xt 1.414214

D=0. 3j98j42 4EX P(-X*,Xf? .0
El=2.O- .5-DtT'(( 1.33"274tT-1. 8?1255) AT41.731h73)OT

1-0.356563 )-ýT+O.319381 1)
-JF-(X) 14,22

1 ERF =- ER F
rGO TO 2

3 ERF=1*C
IF(YI T-0-01

?RETURN
EN4D
SUB~ROUTINE OSF(H,YZ,7',NIM)

c

IF( ND P4-5)7, 8, 1
c
C N)I 141S GP A TER TH4 N 5 . P R=-P RATI0ONS OF- INTEGRATION LOOP

I SI'm1=Y(2)+Y(?)
SUML=SUM I.SUM1
SU41=HTV('Yf 1) SIJM1 Yf 3 1
AUXI =Y (4)-Y ( 4)

AjX L=S(JM I.+Hf' ( Y( 3) *JX l+Y( 5)

SLJM 2=YV(5) 4- Y( 5)

SUM2=AtUX2-HT*,i Y( 4t ) SJM2f (5 )

AJX=Y( 3) +Y(3)

Z (2 )=SUM2-HT*(Y(? +AUX +Y( 4)
7(3) =SUM1
Z( 4)=SUM?

.- -6Bv5
C INTEGRATION LOOP

2 DO 4 1=7,NDTM,?
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SU4¶ l=A JXIS J M2 2=A U X
ALJXI=Y( I -1Jf(
AUY I=A UX 1+ý UXI

AUX - Sl M I4-HTf-,J-Y 1- )+ I IX I 4-Y (I H
7(1 -2) =SUMI
IF( I-NDIM )3, 696

3 AUX2=V (I )+Y(I)
A I I 2-=A X2+t4 I IX2 _ _ _ _ _ _ _ _ _

AiX2=SUP42+HT*'(Y( I-1)*WUX2+Y( T +1)
4 Z( 1-1) =SUM?
5 Z V4 DIM-1) =4UX1

RETURN
6 7('JDIM-1 )=SUM2

Z(\J0TM)=AUXI
RE TURN~

C BIDf OF INTEGRATIJ'J L33P
C

7 I F(ND!M-3)12,1l,8
C NDTM IS FOJAL TO f+ OR 5
8 SL)12=1.125tHT~I(Y( 1)'Y( ?)sY(?) .-Y(21 +Y(3)I-Yf(3J '-Y(3I-Y(4))

SJMI=Y(? )+Y(2)
SUJM I-=-S II -11 SIUMi
St~i1=HTf4Y(lI)iýSU411*Y(3))
Z0(1 ) =0 .
ALIXl=Y(3)I-Y( 3)
koi UIUXL
7(?=SUM2--fT*IY(2)*AJX14-Y(4-))
TF(NDIM-5)J 0,9,9

9 AJXL=Y(4)*Y(4)
All 1 =A llX14& IIll
Z( 5)=SUMI+HTA'(Y (3) AJ< 1IY( 5))

10 Z(3)=SUMI
Z(4 I=SUM2
RETUIRN

C NDIM IS EDJAL TD 3

SlIm ?=Y t 2 Yf ( 2

Z(3)=HT'k(Y(1)'SUM2+Y(3 ))

12 RETURN
FN D

-123.*0
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APPENDIX C

C AýFL; Y1-2C=3KE!4
C SB\3SITIVITY STU')Y IS AVAILABLE

C TiýEF LOADS (CriMPOSIT OR SINGLE GAUSSIAN) ARE AVAILABLE
r ANYJ TOTAL FLIGHT HOUP IS ýVATLABLE

DIMENSION AA(1O),AAA(l0)tBAB( 10)__

DI14FNS ION A(15011 ,RU15L) ,-i( 1501), TH( 1501)
DIMENSION PP(3)tSGC(3),RR(3), ANETA(3)
DIMENISION NMP(.3),SGS(3),VX(3),AN(3),UPC(3),SB(3)

-~ ~ ~ ~ ~~~1 -- 2 1&SI~-O{2---~+P6y)r4,45 1 ;34~-1-5)
DIMENSION GMF(1?51
C0\4MON Iv Al,4? MtLJINT, NPT,)A 9Nr ,PMF
COMMON/QWE/ ALPHA,BETAtEFD,C9S,),ANS,BE

31 CINTINUE

~~ ~ MEAN) VALJES

BE=4.0
O)KTH=1 .5

C =3 . OF -7
KC=60

Ck4-4r'*kA~mý i- IN I TI AL CR A CK D.AT A

AO=0 .04
AU=AO
A L = 0.0 15

BE T A=3 00 00. 0

C CmP (=1.0 Comp3SIT GAJSSIAN ,=O.O SINIGLE 34E)

CID~ ( 2) =1 .0
rMP(3) =1.0

C U", (=1.0 UJPPER CUT SINGLE GAUSSIAN P=0.0 COMPLETE rlNE)

UP,(2) =0.0
tJP-,( 3) =0. 0

C E;. UPPER CUT LEVEL OF SI'JGLE GAUSSIAN (ELý4XO)

10. 0
AA(4)= 115.0)
AAA ( 4) =115.0

BAB(4) =3.0
C A4( I ) NUMBER OF LOAD CYCLE S PER HOUR

AN( 1)=600.0

Ak,( 31=60.0
ANA=0 *5
PP (1) =0. 4975
p P f -2 ý =~ 0, 2-5--..------ -- -- ---- ____ _ _-_

P P (3 ) =0. 5
C S3C STANDARD DEVIATIODN OF CrIMOOSTTE GAUSSIAN

SGC (11=0.0-7'G
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r s3s STANDARD) DEVITAT I N OJF S INGL E GAJSS IANl
535(l1) =I 1 *l

SS S( 3 ) =1 *5' G
XO= I .0<:G
ZR:: 1 .5S

~ MATE RIAL--DATA-~
VO=:0.056
AMJO =5 .7 *G

F S F = I ' 0
7ETA=0.43
AS =7 .0

C TT TD)TAI. FL IG-lT HOtJý
TT= 15000 .0

Ctet'" i, kt ti i I NSPFCTI ON DAT A ~~~ Ik~~r4;
S1=0.0o 2- --- ~~ - -- _ _---- _ _ _ _ _ _ _ _ _ _ _

A2=0 3
PM=0. 125
H1= 1 . 0

C NN NIM R ER r,)F-- T \SP EC T IFl\JS--- ----- _ -_ -_ _

r rTT/(NN-1 ) MUST RE TNTEGEq
C (T T I(NN.\1))-/I T T/NP T -1 MUS T BEF I N T= 3FR

NN= 5

C # ')F I\JSPFC.=NN CA( ,NN#-fl),3T-iiN1)IJ'4al

r~-s~~ ~ ~ ~ PRDDF TEST DATAP ~*
A ̂_T =99 9. 0

f'--AfT-- -CJT~-tEV EL - 0F -V4T ICA-CK--N-RS-T-Rja4JT4 ---3'1- -

C A^T.GT.AU MEANS NO PPOOF: TEST PECRFORMED

C - c - CJRS 0RY I NS PEC D DAT A 4

NR~l
NC =4*

PT =3 . 14159
C N3T BASIC DATA POINTS
C Eý:H DIMENSION SIZE iE(A,ýtHtTHDU'Y,4flMUSI BE G.E. IPT

r(-TT f{NJPT-14-)-)-MUST 3 IT3P------- --- -__

N1 P T -_ 150 1
C. ND T DATA POiNTi S UNDER N1 T\JSPE--CT T'IN 'ASE
C EF'H F)IMEiNSION SIZE rlF(TP P,EDS,PK,CI J, (TJ)MJST BE G.E. NOT AN4D (NNJ+.I)
C (T T/N 3 14 -MtST- BE I NT= GER -------- -- **------__

C (T T/MOT/( TT(HJP T-) I miUs r R E INT E GER
N\i3 =30

C . 4 !ý' ý ki'' F L EE:T S I Z E - z ~ ~ I

C, SJ3 PV3GRAM F --; SE NS 1 TIV ITY STU}~-------~_
REAn ( 5, 501) XY,YZL,YZ2,Y73

511 FOPRMAT (4 Fl10. )
WRITE(6,650) XY,YZIYZ?,YZ3
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650 FORMAT (1ýH 1161 ' XYiYZ Iy72 YY 3' y4F15.7)
IF( XYL I ,TO 322

IF(XY.F).1.O) EF=Yzl
IF(XY.EQ.2.( )DKTHiYZI

IF(XY.EO.4.01 C=YZI
IF(XY.EO.5.0) A,9=YZ1
!F(XY.E)'.5.O) AU=YZI

IF(XY.EQ.6.O) AN(2V=YZI

IF( XY .EQ.11O.0) Z =TA=YZ 1
IF (XY. EQ.11.O0) AS =yZ1.
IF XY. EQ .12.O0) KC=YZL

PP(21)=YZL
PP(3 )=YZ3

IF(XY.f4E.14.O) GO TO 722
SGC (1)=Y ZI
S3: ( 2) =YZ2

----SGC-t3 A=Y-Z--3--
7?? CONTINUE

TF(XY.NE.15.O) GO TO) 723
G=yz I

s C(2)=0LF
S ,( 3) =0. 1r
XO=1 .O*CG

AMUO=5 .7'*G
723 CONTINUE

IF(XY.NE.16.0) GO TO 724
--4o-=yzl4~-_ _ _ _ _ _ _ _

7?4 CONTINUE
IF(XY.EQ.17.O) ALPHA='fZl

TF-(XY.EQ.19.O) FSF=YZl
IF(XY.EO.20.O) BE=YZ1
IFt XY.EQ .21 .0) AN( 4)VZI

IF( XY.FO.22.O0) ý4AA(4) =Y71
IF(XY.EO.?3.0) Zý=YZI
TF(XV.NE.24oO) GO TO 725

-SGS(21=YZ2

SGS (3) =Y Z3
7?5 CO-NTINUE

- F ( XY .P

C'MP(1) YZL
CiP (2) =VZ2
CMP(3)=YZ3

IF(XY.FQ.27.0) A2=YZI
IFf( XY. EQ. 28. 0) R M=YZI
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IF-(XY.NE.31.0) TO 727
UPC I1) =Y ZI

.UPC f2 1= Y 7 2- - - - -- _ __

UPC( 3) =YZ3
7?7 CONTINUE

IF( YY. EQ.3? 01 FL=Y71

IF(XY. EQ .31.0) CAl =Y71
C SB~ PRnGRAM FOR SENSITIVITY STUDY E END

K3::=BE

IF(CMP(2).EO.1.0) S(2)=tAAA(IBE)VBAB(13=E)*S5C(2).4V(3E
IF(CMP(2.FOQ*0.0) SB(2 )AAA( 19E) s SGS( 2),PK3 E
I FVMP 3) 0. 0..0) S B(3) =AA AA( IB E 07S G S(f3 K3 E,

*---- F t C-M P. 3I. ).-if B f* 34--A-&AA- C+ -+-3-

lI+A N A, ~Z8B
--AT T PT / .F

C AlJS=CYCLES PER HOUR

IF(EF.Eo.2.3 ) EF=2.,Ol

CDS=l910 ns

TV-f(CSP Y. FQ. 1 .0 NN=r'.R*(MR +1 N
TF(NN'.FO.O) GO T) 24

DO 20 I=10%N

CGO TOl 22

00g 23 1=1,6
? 3 ITO (I) =T'ý( NPT-l )/ 6+1

NN 1=6
.- CONT INOF - - - - -----.-----.------.-- -.

NR~N1=NRN4-1
NT=NBN I
CALL DENST (0,N~Tt 499AL , nA)

T;:(ACT.GT.VU) G) TO' 830
NTC= (AU-ACT )/OA
M TT =NMT-N TC

-T13 831--I =NTTN-T--- -... - - .--.- -----

0(1) =0.0
831 CINITINUE

CALL 0SF(D ,OGME,-NT)
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PME=1 * /GM F(NT)
83f) CJ"4TH'UE

C KT LE=9999 MEANS 'CRACK' TýKEN ".)FF
n9 31 K! L=l NBN1
AO= AU- FL OAT( KI L-1 I -kDý

A T-A(DKT H/ Q/ANS4 1.0 / RE )'t 2kr ? .0 P11

C
ECQ=(442.0-EF )/2.) )!,'Cý,kq"( FF/BE) ANS "'( 4 E-EFI/BE)

PI(PI /2.0OI'P(EF /2.0)

DO 8 I=1l,NPT
___T=FLOAT( I-1 )*DT

C 1~4 CASE OF AT4.LT.AO

AU )=A(Ifl-ECOýT

GO TO 48
rt3 CONTINUE

C INJ CASE OF ATH.GT.A0

A(I)=A(1 )IFCQrf4tT
MA-~-~-~a~ 4-- 0T 0 45

A(U )=A(H )*f( 2. 0/( 2.O0-EFD)

GO TO 48

A( I ) =A (I ) +EC Qf (T -T B)
I F A ( I) .LT. 0. 0000 11 33 TO 45

GO TO 48
45 A(I )=10000.0

---4-9- A1 f-H-FS F .E 0 - & -1-Gal-
I F A BS (A ()I.G T .S) ; 3 TO0 15
IF(KILE.NE.9999) GO T] 415

8 CONTINUE

[5 KK~f
W) 60 I=KKNPT

51) A(I)=AS

GO TO 416
415 DO 417 1=2,'NPT
41? A(I)=AMI)

C #4# AU)I CAL . END##
IF(KILE.NEo9999) GO TO 430
A3>=AO*1.2
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4I F-(.Ay'PT).LT.ABC) KILE=KILF1l

TF-(ATH.rGT.AC') G9 TO 353
T'=27.0/(?'.O-FF (A ((.-F)/2.01-AT+ ,l((2.0-EF f.J
TC,=T Cf Cf 0-,(EF /PE)/A4 - F=E 4A~V4--Tf ~ £42. ---

TC=Trf Tf3
G3 TO 364

35 TC= /CO /(2.->iED)" /ACE.- /A(S.J-(:~ / . ) A--(( . -E ) / .

354 (7,ON!T IN'UF
803 CONTINUF

C------------- ------- _ _ _ _ _ _ _

C RES TOUAL STREN1TH PAT F ( FSF=1 .0(FAIL SAFE) =0.0('4J FALL SAFE)
00' 431 1 =I=, MPT
I r (P F .E0. 1 .0) (',- TO 189
I F( A (I) I .LE aAC)- GO TO I1B3---------- - -- - ----.----.-

P( I)=FLOAT( KCHkS)T(2. 0fPI/AI)/RO
GO0 TOl 18

188 P(IM=1.O
Gf~t--TO 1-------- -------- _ _-_ _ _ _ _

139 SW=ARS((A(I)-A0)f(4S-AO))
R ( T )= I .0- ( 1.. 0- ZE TA) k S ?R T( SW)

13 IF(KILE.NF.9990 ) GO- T.1 418
.431-CONTINUE ------

GOr TO 419
413 00 420 I=2,NPT
4? 1 R(I)=P(1) ___

41*9--C-qM~T TVUF ~ . ------------- --- _ _ __

C $tt CAL-. OF H S%¶
O0l 115 N=1,"4PT
H W = 0.O .- .

rMN= R( N)
DO 116 1 =1 3

ANIETA( I )=GkMN7!Amt~r)SGC ( I)-X)/ SGC I) __ _

IF(CMP(I)NT lJ G9 T') 21

ARrGL =-AN ETA f II f-PP (1) .3/?*
Aý2 =( ANFTA ( I) -RYý(T) 2) /SIRT (2 .0 /RR TI)
IF (CMP (I IF-Q .1 .0) C.AL KDA (H( \),ARGO, Gl1, AR3,2tAý,3 ,AR-4,

GO' TO 41 1
;)I CONTTINUF

AR33=ANFTA I )/FR( T /SQRT (? .9

-- 41-1i V, -~N T IN Jr---
HW 4= HW A+- H (\I ----------.------

116 CONTINUE
H ( qJ )HWA

-72-



i KH 1) T ) qH NO= .?
115 CnNTINUP

G9 TO 422
-4-? 1-f03 423 -I=?,NPT --------

422 CON T I N U
#N #~ CAL. OF H Ell P

-- f --- At 1 --0S F{fQT -i-H tT 4-f-N PT}-)--- _

nn 25 I=1,NNl
GA(KIPgI)=A( ITnt ))

?5 CflN'TINIJF
31 CONTTNUrE

IF(CSPY.EO. 1.0) "ALL ITN(,GtTHOCALNCNRNNITQ)
IF(CSRY.ED.1.0) 30 T3 81

-fý-- S 3 3-R9J T-1 -N= --A I-M ---P-G'FP~-GtS --I -N -5 PL --CI4-+~N--
CALL HIN(G~(,GTH, '1,NNP TTT3
GO0 T O 81

322 STIP

S UR R OU INE H COM,( H,9A P),IARItA R2 ,AR 3, AR4 A R5,
LAR6,AR7,AR8 P AN)

C CAL. FOR rOMPOSFtE 'rAJSS IAN

RETURN
END
SURR~OUTINF HSI N(Hq ARI, ARI AR2 vAP3, AP4,MR5,

-- 1AR6, AP7-tAR,-3, P, ANt -~)- -

C CAL . F3R SINGLE GAUSS IAN
IF( UPC EQ.1.O0) 71 TO I0

C COMPtET E S INGLF GAUSS TANI

U tPPER CUT SINGLE GAUSSIAN

25 P=TURN

-F-J~~~f,-~ -I -P-{X --- - - - - - - - - - - ------ ......

TF(AF9S(X).G:'Td.10'1) GOl TO 3
Y=X'-1.*414214

-.-- 0~h. 398942 ý4EXP(-X.LX/2-.0)- --.

1-0.356563 )'kT4-0.319181 I
IF(X 1,2,2

1 EP-ER--------- --- --- ------- --------.-------.-. ----- .----

3 E- i= 1..f0
IF( X.LT.O.0) ERF= - EF
PE ETURN- ......

FN D
S0 9 R OUT I NE H IN (A, HqG,\JNN, IT T
I I MFN S 10N A (12 605) A (12 5 j5)G1 UIe6, 1 r1TQ2 5) #PX( 12b6bP A 15)
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DI MFNSION Tf)A(15)
C.OMNMON Al,4? ,RMvU ,NlTN\T,Df ,f'ýF ,PME

C N')=l MEANS SK<P TD W.IMTF
NP =1

WR IT F ( 6,60C NN
630 FORMAT QlH I NNI= I I 3)

IF!'NN.NE.0) GO T) 987

C**:" N.1 INSpFrTlTO\I CASE :
N=6

Dr) 901 J=1,NT
931 PX(J)=OMlEXP(-H(J,Ifl7G(J)

CALL QSF(rPA, PX,PXNI"T)

PAM I)PA (I ):.Pk E
* IF(PA( U .T.0.00)1) 30r_ TO- 3?4-

'3?4~ IE(PA(II.GT.0.9) GO TO 3?6

GO TO 325

3?5 C3 N4T I \1k)
9)0 CONT INUE

WR TTF(f6 620)
---6?_ -3- ---FOR4- A-T I -H '- -- P F S U&--T -41F -.N-1~ --lN S P -F --v--C-A S E-)I

DO 90? I=1,N
I T = (( NP T-1) fN TF I-
INRITE(6, 621) IT, DA( 1), TPA( T)

9)2 CONTINUI:
('- TO 17

C'!','I INSPECTION CASE
J .F-1 N-P -o-E. I) --GiOl- -TI 7 3-8-----_
WRIT E (6, 699 ) ( G( I I =1vNT

69 9 M) AT ( IH 5F 15. 7
D0 10 I=1,NIT

- -- WRI -TE 6 6664 J -Af 1-0) , M-1 -- - - -- - -

656 FIRMAT (1.H , 6E15.7 1
t I CONIT I NtJ

00Y. 20 I= 1,NT
- -WR I TF( 6t666 -) ( . -j{ 4. ) ,l4=14v,-61 -------- -.-- -

?0 CONTINUE
738 CONJTINUE

C CALCJLtATE THE FIRST PRIB.

2!*0 -O-O-?40%I-=1 (i-- -..----.- - -- . -. .-

CALL 0OSF(rPA,PX,PK,NT)
rlA (1 =P~X(CNT)

N- 4 ~~EO. I GO TO9 888 5 ----.

28 0 WR ITE 6, 170) J PA(1)
1-71 FJRMAT( /IPA', 14Y '=,F14.7)
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838 CrON!TTNUE

C CAl-CULATE THE 2 N PPrOR.
r)1 100 J=2,N

C ift hFIRST TERM
RHI=H( It 1)
PA1 =A( I I1

TEPL=OMEXP(C-RH-1)
ARi =RF14' PA( J-1I)

IF (NP .EO. 1.) ro') TO 260
WRITE(6, 270) RHI, RAl, APlTER 1,TER2 ,TERMl

27 f FORMAT (6XPEI2. 5,? F8.5, 2E12.5, E14.7)
.,,ýýT4i-I, D--- TF RM--- - - - - - _ _ _ _ _

251 FA=0.
JM I =J- I
DO 250 KK=I,JMI

PA3=A( I, M)
R F 3 =I. - FF ( A 3)
RH3=H( It M)
R44-#444M44-
TER 3=RH4-R-j 3

I F ( NP . EO.I1) GO TO -? 50
--MR-H-&,--r4-3-5-0-R-H4-%,vR-P--3,-1 -3T-ER 3 T P.4-
350 FORMAT( 6X,2E12.5,2FB.9),E12.5,Et1-4'.7)
250 FA=TER4

TERM3=FA

TERM2=0.
IF(J*LE.2)(GO' TO 200
J2=J-2

nnl 550 K=,IP2
RH?=H( I,K+I-

FA=FAP (I. -FF (RA))
RF2=FF (RA?)
ARG2=I .-OAEXP(-RH2)

TERM2=TERM2 +TERM~
IF (NP - FQ.1 ) GO TO 550
WRI TE 6 1.60 1 PH? ,RA?tR A9FARF2 tARG2,TERM

2. -l -4,--E 2 5, 9F 1.4- 7)
550 CONTINUE

C SUM OF THE ALL TERMS
2)) TEPM4=TERkll fTERM2.TEý)43

IF (NP .F0. 1.) S3 TO 140
WRITE (6t 180 ) I ,TERM4 G (Th':X( I

130 F)RMtAT(14,'k*1,3EI4.h)

CALL QSF (DA, PXvPXNT)
PA J) =PX(NT)
IF{NP.EQ.l) GO TO 1.00
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I T1 IN 6 10 J PA )

r00 III J=19N
PA J) IPA (J) ;PM F

r00 887 J=I,N
IF( A(J) .7T. 0.000 1) ;jTi 334
TPA( J) =FLOAT (NF) .:PA(J)-FL71AT('\JFV Ft-iAT( JF-l 3 ()212. 0

33 4 1 F ( P A (JGT .0.9) GO T3 336
TPA (J) =1.0- ( I. -P A(J V'F
GO TO 335

335 CONTINUE
837 CrNITINUIF

519 Fl RMAT (-4 X,-I4Tql2Y , 14012X,'HI 14XtIPAO I 1X, ITPIA'

520 FORMAT (I 54EI4.7)

RETUJRN
FND
SU3RPrOUTI NF IN(AH,G,,C M ,NC,NR,NNI, TT-))

DI MENSI ON TPA(l15
C 9M M ON AlIIA ? I MIJ N T,N P T,7) -N F ,P ME

C ND=1 MEANS SKIP TO W'J IE____________ __

WRITEC6, 600) NN
690 FORMAT(IH I N=NI-T,1)

IF(NP.FQ.1i GO Tl 733
---- WR 1-7'--H6 -699)- --( f- 1, i=7 -- )--- -_ =I
699 FORMAT(1H ,5EI5.7)

WRTTE(6,6?) (A(Iki),M=1,6)

1') C3NTINUF
0O 20 1=1,qNT
WP.TTE(6,666) A ( -I(I M),lm=1,v6)

738 rONTINUE
C :A[.IJLATE THE FIRST PRrOB.

DO 240 T=1,NJT
-----24-- P --f+--OM FX-P-f --H-f -T-1-*l-~- -4I1--- -----

CALL DSF-(0A, PX ,P X,NT)
PA ( I )= PX (NT)
J=1

-- IF(NP ,Er).i I GO- Tiý 888 - - --- --- * - - --

230O WRTTE(6,17'9) J,PA(1)
170 F9RNIAT( /'PA 1 14, = ,F14. 7)
838 CJJT IN!JF

c CP~,Lý.ULATE THE 2 - NJ PP'13.
n0 100 J=?,N
Or) 140 I=1,NT

C; F.14-ST--TF-RM - - - - -- - - - -

RH1=H( 1,1)
PAI=A( 1,1)
NC 1=NC #-I
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JMI=J-I
iJ=JmU\ICI
JOO=JOtNCI
IF( JOO.F0. JMI1) PF I=FF RA I)-~------~H~m*-.-F-.44M-14--R ---P-A4-- -___

TERI =OMEXP( -RH!)

IF (NP EDO. 1) G3 TO 260
WRYTE(6,270) RH! RAIJAR1,TERI,TER2tTER4I:

270 FlP.MATf6XvE12.5,pF8. IL.,1.

250 FA=O.
JM i=J- I
DO 250 KK=l,JML

PA3=M IM)
NC1=NC +l
JMM=J-M,

JYY JY'I-;NCI
I F (JYY .E 0. JM VI) RF 3 =1.FF RA3)
1c(JYY.NF*,IMM) RF3=1.-FC(PA3)

PRH4=H ( I , M-I.
TER3=RH4-R-43

WRITF( 6,350) RH3,RH4,RA3,R=3,TER3,TFR4
350 FORMAT( 6X,2EI2.5v2F8.5tFI2.5,E14.7)
250 FA=TER4

C ft SECOND TERM
T~qM2= 0.
1F(J.LE.21GI TO 200

F=1 .0
nn 550 K=1,J?
RH? =H( 1 9K'-!I

RA= A( I K)
NCI =NC 4-

IF(JMK.EQ.JTTI Fý=FA*qI.-F-(RA))
! F(J MK .N E .JT T) FA =F A$,( 1 .-FC RA )

JU=JMK I/NCI
JUU =JtJNCl

___ ( 1JUU.EQ.JMKI) RF2=FF (RA2)

APS 2 =1 .- OME X P ( -RA2 )
TEPM=FA',,lPF2-ý ARG,?ý PA( i-K-i)
TFRM2= TERM? +TER4

WRITE(6, 16l) RH2,RA2,kAFA9,R=t2ARGr,2,TERM

550 CONJTINUE
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SLJM OF THE ALL TERMS
200 T:),M4=TEPMIf-TEPv)-TFRM3

PX( I )=TERM4.YG( I )
IF (NP .EO. ii GO TO 140

.WR I-TE ( 6, 180) i,T-R M4 ( I 4 ,.X444------
13,3 FORMAT (14,' ,3EI4.7}
1A0 CONT I NUE

CALL •SFU) A,PX,DX ,NT)
PA.(J =.PX (NT I - --- I- .- - - - -
IF(NP. EQo,) GO TO 101
WRITF( 6, 170) JP (J)

1), CONTINUE-- ---.. . . - -I114 -.--J =1 7- , -------
PA(J 1=PA (J J PPMF

111 CONTINUr`
D- 887 J=, N

. .I-F ( D A (-J- -,GI . 0. 00 13 1 ;-:1 - TI--3-34 ---------
TPA (J) =FLOAT (NF) " PA(J ) -FLOAT (NFtV•FL3AT( I F-1 014A( J V**2/2,0
GO TO 335

334 IF(PAfJ .GT.0. q GO Ti 336
-.......... .T 4A --J - 1.- 0- (-V-•O-0 -A-( J-V __

GO TO 335
335 TPA(J) :1.O
335 )JNTTINUE
8 3 7- C ONT I NJ.... F- -

NRI =NR 4l
D3 26 I= I NR I
J= (NC+ 1) *............- -IT- -6,-6704-I-1~ P•-4 .-4 t -1 • 1 A JI:--T •-

6'70 F]RIAT 1-H I' :) ,I12, =):*,•19.7,7X, 'Tr•(1,I2,t t=',FI5.7,IOX, 1S)

?5 CONT IN UF
17 C3NTINUE

SRE T-LU RN ..- - - - - - - - - - -.

END
FUNCTION F=(X)
COMMON AItA2,RM,J
I . .... - -- - T4-4-a-------
IF(X.rCF.A2) GO TD 20
FF=Ul"'( (X-Al )/(A?-Al) ll :,:.Rl
RFTURN

-.. .. . (.. 1t F F = O0 O. 0 .. ... .... .... .. . . . . ...... . . . . . . . . . . . . . . . . . . . . ... . .. . . . . ... .. ... .. ............ ....

RE T UI RN
20 FF=1.0

RETURN
-... N... .. ---- 

_ __.. 
._ 

_ND_.. 
. . .

SU3 ROUTI NE DENST(G, NN,19 AU, At. )A)
DIMENS TON 1 (1)
COMMlN/ OWE/ tLPHA, BFT EF,f, ý n, oANS ,RE

C FF0SS=EFD
FNl =AN S
ARFA=ALD HA

PI=3.14159
S2=S/2.
OMS2=l .- S2

-.........A-.S-P =AUj$L fMS -

HI=C 1 P (P 12. -"S? ; ( S/3 tFNO I( ( .- S/B)
H:=OMS2ý HI
DA=(AU-AL| /FL0AT( NN-1)
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AR(K AK/All
DELT=1.-ARK

L=NN-(K--1)
'o( L =AR FA k-A K 4- 32? (K / RE T A A R F A- 11

IF(G(L)kLT.1.OE-50) 30 TO 20
10 CONTINUE

SO TO 40

n3J 30 1=L,L
30 r;(fl=o*Q
40 RETURN

FJNCTION OMEXP(X)
fl=- 50. 0
C=1 .OF-20

~--F{-&N-&-f(XLT.CG) G 0 qf-5--S -
IF (AB S( X) . LT. 0.01 )GO TO 10
IF(X.LT.B) GO T3 30
OMEXP=1.-EX P(X)

5 O04FXP=-0.999999rýK,
RE TUIRN

10 nmX=0166'r*iY-.999X--.999X

30 omEXP=1.
PZ=TURN~
END

C

I )M E-NS 10N Y f1) , Z 1

HT=. 3333333tH
I F( ND IM- 5)7,9 811,1

C
-&-~~~~~ -- DI4---RA T ER T H A-N---a-P R E P A R A T 1 0 NS QF- NWTrE OR AT-.l0 q L 0)P
I SU41=Y(2)+Y(2)

SUMI =SUMI+SUM1
-AMI=1- IT4ViY( 14SUIY(1

AUX I =A UX 1+A UX 1
tAUXI=SUM14-IT",1Y{3)4-AJXItY(5))
Ai X 2= HT i4(Y (I)+ 3. 8 7 51NY(2) +Y 5) + 2. 62 5t Y 31+Y( 4) IY( 6)

SUM1 ?=SUM ?4-SUM2
S JM?2= A IX 2 -4T 01 Y i. IS J 4 2+Y 6)
Z(~mY 1)=
AUX=AliX4-AUX
7( ?)=SUM2-i-lýkYM?)4AUXfY(4))
Z (3 ) =SUM 1

MF ND! M-6) 5, 5,2
C
C !NTEGRATI0OJ LOOP
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SU'12= AUX2
AUJXl=Y(1-1) f Y( T-1

Z( 1-2) =SUMI
ITF( I -Nr)IM13,961 6

A U X2 =A UX 2 +-A JX 2
AJ)(2=SUM2+HT,,1,Y(T-1)+AUX2+Y(Tfl))

4 7(1-1)=SUM2

6 MDI4-1 )=AtJM2
REFTURN

C ENO OF INT7GRATI)N L)JP
C,

C, ND)I M I S FOLUAt TO 4 OR 5
8S SL)121 .12 5":H T 'Y ( 1+ Y ( 2 -Y ?) fY 2i .Y(3)-Y(3 + 4Y 3H-Y(4

----- SJ W1KM-Y (2 )-4-YJ{24----------__ _____

SUM1=SUMI'-SUm1
S U 41 =H T (Y( 1 +l-SUM 1 .Y ( 3
1(1 )=D.
A tX17X] V- 3-)-+-VI -34----
AUX l=AUX1 4A UXI

I F( N DI M -5) 10,9, 9

AUXL =4 UXI#-4 UXI.
Z( 5 )=SIJM 1 -HT: C Y( 3 )4-MX I-Y( 53)

13 Z(31=SUML

P FTJRN
r
CI NT M TS D J A 1- T 3

SUM2=Y(2 )4-Y(2)
SUM2=SUM 24-SUM?
7 (3 ) =HT?1(Y I)4SU,'12 +Y(3 3

- -- 7 f ( v- f)i1 --~. - ---- - -- -
7 (2 ) = SUM 1

L? 2RETU.RN
EN)

- -- FJ-~I-CT ON-F&(A - - ---- ----- _____

COMMON/POl/ CAL,NIC,NR
IF( A.LT.CAI) FC=O.
I F( A. GE.CAT. FC= I

//rGJ.SYSIN OD
123.0
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